J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(ID EP 1 002 802 B1 
EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
08.12.2004 Bulletin 2004/50 

(21) Application number: 99309036.4 

(22) Date of filing: 12.11.1999 



(51) intci7: C07K 5/03, C07K 5/062, 
A01K 67/00, A61K 38/05, 
A61K 38/06, A61P5/06 



(54) Dipeptide derivatives as growth hormone secretogogues 

Dipeptide zur Fdrderung der Sekretion des Wachstumshormons 
Dipeptides comme secretagogues d'hormone de croissance 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB OR IE IT LI LU 
MC NL PT SE 

(30) Priority: 20.11.1998 US 109219 P 

(43) Date of publication of application: 
24.05.2000 Bulletin 2000/21 

(73) Proprietor: Pfizer Products Inc. 
Groton, Connecticut 06340 (US) 

(72) Inventors: 

• Griffith, David Andrew 

Old Saybrook, Connecticut 06475 (US) 

• Bronk, Brian Scott 

Gales Ferry, Connecticut 06335 (US) 



(74) Representative: 

Simpson, Alison Elizabeth Fraser et al 
Urquhart-Dykes & Lord LLP 
30 Welbeck Street 
London W1G 8ER (GB) 



(56) References cited: 
WO-A-96/35713 
WO-A-97/24369 



WO-A-96/38471 
WO-A-98/58947 



Remarks: 

The file contains technical Information submitted 
after the application was filed and not included in this 
specification 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



EP 1 002 802 B1 



Description 



[0001] This invention relates to dipeptide compounds which are growth hormone secretogogues and are useful for 
the treatment and prevention of osteoporosis and/or frailty, insulin resistance in mammals, congestive heart failure, 
obesity, accelerating bone fracture repair and accelerating wound repair. 

Background of the Invention 

[0002] Growth hormone (GH), which is secreted from the pituitary gland, stimulates growth of all tissues of the body 
that are capable of growing. In addition, growth hormone is known to have the following basic effects on the metabolic 
processes of the body: 

1 . Increased rate of protein synthesis in substantially all cells of the body; 

2. Decreased rate of carbohydrate utilization in cells of the body; and 

3. Increased mobilization of free fatty acids and use of fatty acids for energy. 

[0003] Deficiency in growth hormone results in a variety of medical disorders. In children, it causes dwarfism. In 
adults, the consequences of acquired GH deficiency include profound reduction in lean body mass and concomitant 
increase in total body fat, particularly in the truncal region. Decreased skeletal and cardiac muscle mass and muscle 
strength lead to a significant reduction in exercise capacity. Bone density is also reduced. Administration of exogenous 
growth hormone has been shown to reverse many of the metabolic changes. Additional benefits of therapy have in- 
cluded reduction in LDL cholesterol and improved psychological well-being. This is described in U.S. Patent No. 
60/050,764. 

[0004] International Patent Publication No. W097/24369 also discloses the use of dipeptide compounds as growth 
hormone secretagogues for the treatment or prevention of osteoporosis. 

[0005] International Patent Publication No. W096738471 relates to dipeptide compounds which are growth hormone 
releasing peptide mimetics and are useful for the treatment or prevention of osteoporosis. 

[0006] International Patent Publication No. W096/3571 3 relates to dipeptide compounds which are growth hormone 
releasing mimetics and are useful in the treatment or prevention of osteoporosis. 

Summary of the Invention 

[0007] The present invention provides novel chemical compounds of the following Formula I 




or a pharmaceutically acceptable salt or prodrug thereof, 
wherein: 



HET is a heterocyclic moiety selected from the group consisting of 
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e is 0 or 1 ; 

n and w are each independently 0, 1 , or 2, provided that w and n cannot both be 0 at the same time; 
Y is oxygen or sulfur; 

R 2 is selected from the group consisting of hydrogen, fluoro, and (C^-C^alkyl optionally substituted with 1 -5 halo 
groups; 

R2A is selected from the group consisting of hydrogen, SX6, OX 6 , -N^X 6 ), (C r C 8 )alkyl, -(CQ-C^alkyl-fCVCy) 
cycloalkyl, and -(C 0 -C 3 )alkyl-A 1 , where the alkyl groups and the cycloalkyl groups are optionally substituted with 
hydroxy, thio, C(0)OX 6 , C(0)N(X 6 )(X 6 ), SOgNCX 6 )^, S(0) m (C 1 -C s )alkyl, C(0)A 1 , C(0)(X 6 ), CN or 1-5 halo 
groups; 

Q is a covalent bond or CRSR 10 ; 
Z is C=0, C-S or S(0) 2 ; 

R2B j s hydrogen, (C 1 -C 8 )alkyl, (C 0 -C 3 )alkyl-(C 3 -C 8 )cycloalkyl, -(C 1 -C 4 )alkyl-A 1 or A1; where the alkyl groups and 
the cycloalkyl groups in the definition of R 28 are optionally substituted with hydroxyl, C(0)OX 6 , -C(0)N(X 6 )(X 6 ), 
-N(X 6 )(X 6 ), -S(0) m (C-,-C e )alkyl, C(0)A 1 , -CfOXX 6 ), CF 3 , CN or 1 , 2 or 3 halogen; 

Ri is hydrogen, -CN, -(CH 2 ) q N(X6)C(0)X6, -(CH 2 ) q N(X6)C(0)(CH 2 ) t -Ai, -(CH 2 ) q N(X6)S(0) 2 (CH 2 ),-Ai, -(CH 2 ) q N 
(X6)S(0) 2 X6, -(CH 2 ) q N(X6)C(0)N(X6)(CH 2 ) t Ai, -(CH 2 ) q N(X6)C(0)N(X6)(X6), -(CH 2 ) q C(0)N(X6)(X6), -(CH 2 ) q C(0) 
NpPHCHgfe-Ai , -(CH 2 ) q C(0)OX6, -(CH 2 ) q C(0)0(CH 2 ) t -Al , -(CH 2 ) q OX6, -(CH 2 ) q 0C(O)XV(CH 2 ) q 0C(O)(CH 2 )tAi , 
-(CH 2 ) q OC(0)N(XS)(CH 2 ) t -Al, -(CH 2 ) q OC(0)N(X6)(X6), -(CH 2 ) q C(0)X6, -(CH 2 ) q C(0)(CH 2 )t-A 1 , -(CH 2 ) q N(X6)C(0) 
OX 6 , -(CH 2 ) q N(X6)S(0) 2 N(Xe)(X6), -(CH 2 ) q S(0) m X6, -(CH 2 ) q S(0) m (CH 2 ) t -Ai, -(C r C 10 )alkyl, -(CH 2 ) t -Ai, 
-(CH 2 ) q -(C 3 -C 7 )cycloalkyl, -(CH 2 )^-{C A -C 6 )a\^\, -(CH 2 ) q -Yi-(CH 2 ) t -Ai or -(CHaJq-YMCHgHCg-C^cycloalkyl; 

wherein the alkyl and cycloalkyl groups in the definition of R 1 are optionally independently substituted with (C r C 4 ) 
alkyl, hydroxy, (C r C 4 )alkoxy, carboxyl, -CONH 2 , -S(0) m (C 1 -C 6 )alkyl, -C0 2 (C r C 4 )alkyl ester, 1 H-tetrazol-5-yl or 1, 2 
or 3 fluoro groups; 

Y 1 is O, S(0) m , -C(0)NX 6 -, -CH=CH-, -C^C-, -N(X 6 )C(0)-, -C(0)NX 6 -, -C(0)0-, -OC^NfX 6 )- or -OC(O)-; 
q is 0, 1 , 2, 3 or 4, with the proviso that q cannot be 0 when (CH 2 ) q , is attached to N or O; 
t is 0, 1,2 or 3; 
m is 1 or 2; 

R 3 is selected from the group consisting of A 1 , (q-C^alkyl, -(C r C 6 )alkyl-A 1 , - (C 1 -C6)alkyl-(C 3 -C 7 )cycloalkyl, 
-(C 1 -C 5 )alkyl-Xi-(C 1 -C 5 )alkyl, -(C 1 -C 5 )alkyl-X 1 -(C 0 -C 5 )alkyl-A 1 and -(C 1 -C 5 )alkyl-Xi-(C 1 -C 5 )alkyl-(C 3 -C 7 )cycloalkyl; 

where the alkyl groups in the definition of R 3 are optionally substituted with - S(0) m (C 1 -C 6 )alkyl, -C(0)OX 3 , 1 , 2, 
3, 4 or 5 independently selected halo groups or 1 , 2 or 3 independently selected -OX 3 groups; 

X1 is O, S(0) m , -N(X 2 )C(0)-, -C(0)N(X2)-, -OC(O)-, -C(0)0-, -CX2=CX2-,-N(X2)C(0)0, - OC(0)N(X2)- or-C^C-; 

X 2 for each occurrence is independently hydrogen, optionally substituted (C 1 -C 6 )alkyl or optionally substituted 
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(Ca-C^cycloalkyl, where the optionally substituted (C 1 -C 6 )alkyl and optionally substituted (C 3 -C7)cycloalkyl in the def- 
inition of X 2 are optionally independently substituted with -S(0) m (C 1 -C 6 )alkyl, -C(0)OX 3 , 1 to 5 halo groups or 1 -3 OX 3 
groups; 

R 4 is hydrogen, (C,-C 6 )alkyl or (C 3 -C 7 )cycloalkyl, or R 4 is taken together with R 3 and the carbon atom to which 
5 they are attached and form (C s -C 7 )cycloalkyl, (Cg-C^cycloalkenyl, a partially saturated or fully saturated 4- to 8-mem- 
bered ring having 1 to 4 heteroatoms independently selected from the group consisting of oxygen, sulfur and nitrogen, 
or R 4 and R 3 can be taken together to form a bicyclic ring system consisting of a partially saturated or fully saturated 
5- or 6-membered ring, fused to a partially saturated, fully unsaturated or fully saturated 5- or 6-membered ring, op- 
tionally having 1 to 4 heteroatoms independently selected from the group consisting of nitrogen, sulfur and oxygen; 
10 X 4 is hydrogen or (C|-C 6 )alkyl or X 4 is taken together with R 4 and the nitrogen atom to which X 4 is attached and 

the carbon atom to which R 4 is attached and form a five to seven membered ring; 
R 6 is a bond or 




*(CH 2 ) a (CH 2 ) b 



, or -(CR a R b ) a -E-(CR a R b ) b -; 

where the -(CR a R b ) a - group is attached to the carbonyl carbon of the amide group of the compound of Formula I and 
the -(CR a R b )b group is attached to the terminal nitrogen atom of the compound of Formula I; 
25 E is -O-, -S-,-CH=CH-, 




which is optionally substituted with halo, hydroxy, -N(R C )(R C ), (C,-C 6 )alkyl or (C r C 6 )alkoxy; 

R a and R b are independently hydrogen, (C r C 6 )alkyl, trifluoromethyl, phenyl or substituted (C,-C 6 )alkyl where 
45 the substituents are imidazolyl, naphthyl, phenyl, indolyl, p-hydroxyphenyl, -OR c , S(0) m R c , C(0)OR c , (C 3 -C 7 )cy- 
cloalkyl, -N(R C )(R C ), -C(0)N(R c )(R c ); or R a and R b may independently be joined to one or both of R 7 or E (where E is 
other than O, S or -CH=CH-) to form an alkylene bridge between the terminal nitrogen and the alkyl portion of the R a 
or R b and the R 7 or E group, wherein the bridge contains 1 to 8 carbon atoms; or R° and R b may be joined to one 
another to form a (Cs-C^cycloalkyl; 
so rc is hydrogen or (C|-Cg)alkyl; 

a and b are independently 0, 1 , 2 or 3, with the proviso that if E is -O- or -S-, y is other than 0 or 1 and with the 
further proviso that if E is -CH=CH-, y is other than 0; 

X 5 and X 5a are each independently selected from the group consisting of hydrogen, CF 3 , A 1 and optionally sub- 
stituted (C,-C 6 )alkyl; 

the optionally substituted (CVC^alkyl in the definition of X 5 and X 5a is optionally substituted with a substituent 
selected from the group consisting of A 1 , OX 2 , ■S(0) m (C 1 -C 6 )alkyl, -C(0)OX 2 , (Ca-C^cycloalkyl, -NfX 2 )^ 2 ) and -C(O) 
NKX 2 )^ 2 ); 

or the carbon bearing X s or X 58 forms one or two alkylene bridges with the nitrogen atom bearing R 7 and R 8 



4 
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wherein each alkylene bridge contains 1 to 5 carbon atoms, provided that when one alkylene bridge is formed then 
only one of X 5 or X Sa is on the carbon atom and only one of R 7 or R 8 is on the nitrogen atom and further provided that 
when two alkylene bridges are formed then X 5 and X 58 cannot be on the carbon atom and R 7 and R 8 cannot be on the 
nitrogen atom; 

5 or X 5 is taken together with X 58 and the carbon atom to which they are attached and form a partially saturated 

or fully saturated 3- to 7-membered ring, or a partially saturated or fully saturated 4- to 8-membered ring having 1 to 
4 heteroatoms independently selected from the group consisting of oxygen, sulfur and nitrogen; 

or X 5 is taken together with X 58 and the carbon atom to which they are attached and form a bicyclic ring system 
consisting of a partially saturated or fully saturated 5- or 6-membered ring, optionally having 1 or 2 heteroatoms inde- 
10 pendently selected from the group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, fully saturated 
or fully unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms independently selected from the group 
consisting of nitrogen, sulfur and oxygen; 

Z 1 is a bond, O or N-X 2 provided that when a and b are both 0 then Z 1 is not N-X 2 or 0; 
R 7 and R 8 are each independently hydrogen or optionally substituted (C|-C 6 )alkyl; 
is where the optionally substituted (C^C^alkyl in the definition of R 7 and R 8 is optionally independently substituted 

withAi.-ClOJO-^-CeJalkyl, 

- S(0) m (C 1 -C 6 )alkyl, 1 to 5 halo groups, 1 to 3 hydroxy groups, 1 to 3 -O-C(O)(C,-C 10 )alkyl groups or 1 to 3 
(C|-C 6 )alkoxy groups; or 

R 7 and R 8 can be taken together to form -(CH 2 ) r -L-(CH 2 ) r -; where L is C(X 2 )(X2), S(0) m or N(X 2 ); 
20 r9 and R 10 are each independently selected from the group consisting of hydrogen, f luoro, hydroxy and (C r C 5 ) 

alkyl optionally independently substituted with 1-5 halo groups; 

A 1 for each occurrence is independently selected from the group consisting of (C 5 -C 7 )cycloalkenyl, phenyl, a 
partially saturated, fully saturated or fully unsaturated 4- to 8-membered ring optionally having 1 to 4 heteroatoms 
independently selected from the group consisting of oxygen, sulfur and nitrogen and a bicyclic ring system consisting 
2s of a partially saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms 
independently selected from the group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, fully 
saturated or fully unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms independently selected 
from the group consisting of nitrogen, sulfur and oxygen; 

A 1 for each occurrence is independently optionally substituted, on one or optionally both rings if A 1 is a bicyclic 
30 ring system, with up to three substituents, each substituent independently selected from the group consisting of F, CI, 
Br, I, OCF 3 , OCF 2 H, CF 3 , CH 3 , OCH 3 , -OX 6 , 

- C(0)N(X 6 )(X 6 ), -C(0)OXP, oxo, (q-CeJalkyl, nitro, cyano, benzyl, -S(0) m (C r C 6 )alkyl, 1 H-tetrazol-5-yl, phenyl, 
phenoxy, phenylalkyloxy, halophenyl, methylenedioxy, -N(X 6 )(X 6 ), -NfX^CfOKX 6 ), -S(0) 2 N(X 6 )(X 6 ), 

-N(X 6 )S(0) 2 -phenyl, -N(X s )S(0) 2 X e , -CONX"Xi 2 , -S(0) 2 NX"X1 2 , -NX 8 S(0) 2 X1 2 - NX 8 C0NX"X1 2 , -NX 8 S 
35 (0) 2 NX 11 X 12 -NX 6 C(0)X 12 , imidazolyl, thiazolyl and tetrazolyl, provided that if A^ is optionally substituted with meth- 
ylenedioxy then it can only be substituted with one methylenedioxy; 
where X 11 is hydrogen or optionally substituted (G|-C 6 )alkyl; 

the optionally substituted (C 1 -C 6 )alkyl defined for X 11 is optionally independently substituted with phenyl, phenoxy, 
(C r C 6 )alkoxycarbonyl, -SfOUCt-CeJalkyI, 1 to 5 halo groups, 1 to 3 hydroxy groups, 1 to 3 (C r C 10 )alkanoyloxy 
40 groups or 1 to 3 (C r C 6 )alkoxy groups; 

X 12 is hydrogen, (C 1 -C s )alkyl, phenyl, thiazolyl, imidazolyl, furyl orthienyl, provided that when X 12 is not hydrogen, 
the X 12 group is optionally substituted with one to three substituents independently selected from the group consisting 
of CI, F, CH 3 , OCH 3 , OCF3 and CF 3 ; 

or X 11 and X 12 are taken together to form -(CH 2 ) r -L 1 -(CH 2 ) r -; 
45 U is C^XX 2 ), O, S(0) m or NfX 2 ); 

r for each occurrence is independently 1 , 2 or 3; 

X 2 for each occurrence is independently hydrogen, optionally substituted (C 1 -C 6 )alkyl or optionally substituted 
(C 3 -C 7 )cycioalkyl, where the optionally substituted (C.,-C 6 )alkyl and optionally substituted (C 3 -C 7 )cycloalkyl in the def- 
inition of X 2 are optionally independently substituted with -S(0) m (C 1 -C 6 )alkyl, -C(0)OX 3 , 1 to 5 halo groups or 1 -3 OX 3 
so groups; 

X 3 for each occurrence is independently hydrogen or (C|-C 6 )alkyl; 

X 6 for each occurrence is independently hydrogen, optionally substituted (C 1 -C 6 )alkyl, (C 2 -Cg)halogenated alkyl, 
optionally substituted (Cg-C^cycloalkyl, (Gj-C^-halogenated cycloalkyl, where optionally substituted (C 1 -C 6 )alkyl and 
optionally substituted (Ca-Cyjcycloalkyl in the definition of X 6 is optionally independently mono- or di-substituted with 
55 (C r C 4 )alkyl, hydroxy, (C r C 4 )alkoxy, carboxyl, CONH 2 , S(0) m (C 1 -C 6 )alkyl, carboxylate (C 1 -C 4 )alkyl ester or 1 H-tetra- 
zol-5-yl; or when there are two X 6 groups on one atom and both X 6 are independently (C.|-C 6 )alkyl, the two (C^Cg) 
alkyl groups may be optionally joined and, together with the atom to which the two X s groups are attached, form a 4- 
to 9- membered ring optionally having oxygen, sulfur or NX 7 as a ring member; 



5 
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X 7 is hydrogen or (C 1 -C 6 )alkyl optionally substituted with hydroxy; 
m for each occurrence is independently 0, 1 or 2; 
with the proviso that: 

X 6 and X 12 cannot be hydrogen when attached to C(O) or S(0) 2 in the form C(0)X 6 , C(0)X 12 , S(0) 2 X s or S 
(0) 2 X12 ; and 

when R 6 is a bond then L is N(X Z ) and each r in the definition -(CH 2 ) r -L-(CH z ) r - is independently 2 or 3. 
[0008] A preferred group of the foregoing compounds, designated the A group compounds, are those compounds 
of Formula I wherein R 4 is hydrogen or methyl; X 4 is hydrogen; 

R 6 is 



where Z 1 is a bond and a is 0 or 1 ; X s and X 5a are each independently selected from the group consisting of hydrogen, 
CF 3 , phenyl and optionally substituted (Ci-C 6 )alkyl; 

where the optionally substituted (C r C 6 )alkyl in the definition of X 5 and X 58 is optionally substituted with OX 2 or A 1 ; 



where A 1 in the definition of X 5 and X 50 is imidazolyl, phenyl, indolyl, p-hydroxyphenyl, (Cg-C^cycloalkyl, -S(0) m 
(C r C 6 )alkyl, -N(X 2 )(X2) or 



R 7 is hydrogen or (Cj-C^alkyl; 

or X 5 and R 7 are taken together and form a (C^CgJalkylene bridge; and 
R 8 is hydrogen or (C^C^alkyl optionally substituted with one or two hydroxy groups. 
[0009] A group of compounds which is preferred among the A group compounds, designated the B group, are those 
compounds of the A group wherein b is 0; X 5 and X s " are each independently selected from the group consisting of 
hydrogen, (C 1 -C 3 )alkyl and hydroxy(C,-C3)alkyl; and 

r3 is selected from the group consisting of thienyl-CH 2 -0-CH 2 -, pyridyl-CH 2 -0-CH 2 -, thiazoiyl-CH 2 -0-CH 2 -, 1 -in- 
dolyl-CH 2 -, 2-indolyl-CH 2 -, 3-indolyl-CH 2 -, 1 -naphthyl-CH 2 , 2-naphthyl-CH 2 -, 1-benzimidazolyl-CH 2 -, 2-benzimida- 
zolyl-CH 2 -, phenyl-(C r C 4 )alkyl, 2-pyridyl(C 1 -C 4 )aIkyl-, 3-pyridyl-(C 1 -C 4 )alkyl-, 4-pyridyl-(C 1 -C 4 )alkyl-, phenyl-CH 2 - 
S-CH 2 -, thienyl-fC-i-C^alkyl-, phenyl-(C 0 -C 3 )alkyl-O-CH 2 -, phenyl-CH 2 -0-phenyl-CH 2 -, phenyl-0-CH 2 -CH 2 - and 
3-benzothienyl-CH 2 -; 

where the aryl portion(s) of the groups defined for R 3 are each optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of methylenedioxy, F, CI, CH 3 , OCH 3 , OCF 3 , 
OCF 2 H and CF 3 . 

[0010] A group of compounds which is preferred among the B group compounds, designated the C group, are those 
compounds of the B group wherein R 4 is hydrogen; a is 0; 

X 5 and X 58 are each independently selected from the group consisting of hydrogen, methyl or hydroxymethyl, 
provided that when X 5 is hydrogen then X 58 is not hydrogen; 

R 7 and R 8 are each hydrogen; and 

R 3 is selected from the group consisting of 3-indolyl-CH 2 -, 1 -naphthyl-CH 2 -, 2-naphthyl-CH 2 -, phenyl-(C r C 4 ) 
alkyl-, 2-pyridyl-(C r C 4 )alkyl-, 3-pyridyl-(C 1 -C 4 )alkyl-, 4-pyridyl-(C r C 4 )alkyl-, phenyl-CH 2 -S-CH 2 -, thienyl-(C 2 -C 4 ) 
alkyl-, phenyl-(C 0 -C 3 )alkyl-O-CH 2 -, 3-benzothienyl-CH 2 -, thienyl-CH 2 -0-CH 2 -, thiazoiyl-CH 2 -0-CH 2 -, pyridyl-CH 2 - 
0-CH 2 - and phenyi-0-CH 2 -CH 2 -; 

where the aryl portion(s) of the groups defined for R 3 are each optionally substituted with one to three substituents, 
each substituent being Independently selected from the group consisting of methylenedioxy, F, CI, CH 3 , OCH 3 , OCF 3 , 
OCF 2 H and CF 3 . 

[0011] A group of compounds which is preferred among the C group compounds, designated the D group, are those 
compounds of the C group wherein R 1 is (CHg^-A 1 , -(CH^-fCa-C^cycloalkyl or (C 1 -C 10 )alkyl; 

A 1 in the definition of R 1 is phenyl, pyridyl, thiazolyl orthienyl, optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 ; 

the cycloalkyl and alkyl groups in the definition of R 1 are optionally substituted with (C^C^alkyl, hydroxy, (C 1 -C 4 ) 
alkoxy or 1 to 3 fluoro atoms; 




(CH 2 ) a (CH 2 ) b 



-C(0)N(X 2 )(X 2 ); 
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q is 1 or 2; t is 1 or 2; 

R 3 is phenyl-CH 2 -0-CH 2 -, phenyl-CH 2 -S-CH 2 -, pyridyl-CH 2 -0-CH 2 -, thienyl-CH 2 -0-CH 2 -, thiazoiyi-CH 2 -0-CH 2 -, 
phenyl-(CH 2 ) 3 - or 3-indolyl-CH 2 -; 

where the carbon atom bearing the substituent R 3 is of the (R)-configuration; 

where the aryl portion of the groups defined for R 3 is optionally substituted with one to three substituents, each 
substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 ; and 
X s and X 53 are each methyl. 

[0012] A group of compounds which is preferred among the D group compounds designated the E group, are those 
compounds of the D group wherein HET is 



R 2 * 




[001 3] A group of compounds which is preferred among the E group compounds, designated the F group, are those 
compounds of the E group wherein Z is C=0; and Q is a covalent bond; 

A group of compounds which is preferred among the F group compounds designated the G group, are those 
compounds of the F group wherein R 2 is hydrogen or (C^CaJalkyl where the alkyl is optionally substituted with 1-3 
fluoro groups; 

R 2 * is -SX 6 ; 

X 6 is (C r C 3 )alkyl or (C 3 -C 6 ) cycloalkyl, where the alkyl and cycloalkyl may be optionally substituted with one to 
three halogens. 

[001 4] A group of compounds which is preferred among the G group designated the H group, are those compounds 
of the G group wherein R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl orthiazolyl, optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, 
0CF 3 and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 -andtniazolyl-CH 2 - 
0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H , OCF 3 and CF 3 . 
[0015] Preferred compounds of the H group are the 8a(R,S),1 (R) diastereomeric mixture, the 8a(R),1 (R) diastere- 
omer or the 8a(S),1(R) diastereomer of 2-amino-N-{1(R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-6-methylsulfanyl- 
8-0X0-3, 4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethylJ-2-methyl-propionamide. 
[0016] Another group of compounds which is preferred among the E group, designated the I group, are those com- 
pounds of the E group wherein R 2 is hydrogen or (C^C^alkyl where the alkyl is optionally substituted with 1 -3 fluoro 
groups; 

R2A is -N(X6)(X<S); 

X e for each occurrence is independently hydrogen, optionally substituted (C 1 -C 3 )alkyl, (C 2 -C 3 )fluoronated alkyl, 
optionally substituted (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )fluorinated cycloalkyl, where when there are two X 6 groups on one 
atom and both X 6 are independently (C 1 -C 3 )alkyl, the two (C 1 -C 3 )alkyl groups may be optionally joined and, together 
with the atom to which the two X 6 groups are attached, form a 4- to 6-membered ring optionally having oxygen as a 
ring member. 

[0017] A group of compound which is preferred among the group compounds, designated the J group, are those 
compounds of the I group wherein R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with 
one to th ree substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thiazolyl-CH 2 - 
0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 . 
[001 8] Preferred compounds of the J group are the 8a(R,S),1 (R) diastereomeric mixture, the 8a(R), 1 (R) diastereomer 
or the 8a(S), 1 (R) diastereomer of the compound selected from the group consisting of 2-amino-N-{1 (R)-benzyloxyme- 
thyl-2-[8a-(4-fluoro-benzyl)-8-oxo-6-pyrrolidin-1-yl-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}- 
2-methylpropionamide or 2-amino-N-{1(R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-6-morpholin-4-yl-8-oxo-3,4,8,8a- 
tetrahydro-1H-pyrrolot1,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide. 
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[0019] Another group of compounds which is preferred among E group compounds, designated the K group, are 
those compounds of the E group wherein R 2 is hydrogen or (C r C 3 )alkyl where the alkyl is optionally substituted with 
1-3 fluoro groups; 

R2A i S hydrogen, -(C 1 -C 4 )alkyl, -(C 0 -C 2 )alkyl-(C 1 -C 6 )cycloalkyl, -(C 0 -C 2 )alkyl-A 1 where the alkyl groups are op- 
tionally substituted with 1-3 fluoro groups; 

A 1 is phenyl, pyridyl or thiazolyl optionally substituted with one to two substituents, each substituent being inde- 
pendently selected from the group consisting of F, CI, CH 3 , OCF 2 H, OCF 3 , and CF 3 . 

[0020] A group of compounds which is preferred among the K group compounds, designated the L group, are those 
the K group wherein R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, 
OCF 3 and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - andthiazolyl-CH 2 - 
0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 . 
[0021 ] A group of compounds which is preferred among the L group compounds, are the 8a(R,S),1 (R) diastereomeric 
mixture, the 8a(R),1 (R) diastereomer or the 8a(S),1(R) diastereomer of the compound selected from the group con- 
sisting of 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a] 
pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide, 2-amino-N-[1(R)-benzyloxymethyl-2-oxo-2-{8-oxo-6-pyridin-2-yl- 
8a-pyridin-2-ylmethyl-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-ethyl]-2-methyl-propionamide, or 2-ami- 
no-N-[2-(8a-benzyl-6-ethyl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin-2-yl)-1(R)-benzyloxymethyl-2-oxo- 
ethyl]-2-methyl-propionamide. 

[0022] Another group of compounds preferred among the E group compounds, designated the N group, are those 
wherein HET 



[0023] Another group of compounds which is preferred among the E group compounds, designated the O group, 
are those compounds of the E group wherein Z is C=0; Q is a covalent bond; 

A group of compounds which is preferred among the O group compounds, designated the P group, are those 
compounds of the O group wherein R 2 is hydrogen or (C^C^alkyl where the alkyl is optionally substituted with 1-3 
fluoro groups; 



X 6 is (C r C 3 )alkyl or (C 3 -C 6 ) cycioalkyl, where the alkyl and cycloalkyl may be optionally substituted with one to 
three halogens. 

[0024] A group of compounds which preferred among the P group designated the Q group, are those compounds 
of the P group wherein R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, 
OCF 3 and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thiazolyl-CH 2 - 
0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 . 
[0025] A group compounds which is preferred among the Q group, designated the R group compounds, are those 
compounds of the Q group wherein the compounds are the 8a(R,S),1 (R) diastereomeric mixture, the 8a(R),1 (R) dias- 
tereomer or the 8a(S),1(R) diastereomer of the compound selected from the group consisting of 2-amino-N-[1 (R)- 
benzyloxymethyl-2-(8-methoxy-6-oxo-8a-pyridin-2-ylmethyl-3,4,6,8a -tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-2- 
oxo-ethyl]-2-methyl-propionamide, 2-amino-N-{1(R}-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-methoxy-6-oxo-3,4,6, 
8a -tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide or 2-amino-N-{1 (R)-benzyloxyme- 
thyl-2-[8a-(4-fluoro-benzyl)-8-methoxy-7-methyl-6-oxo-3, 4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo- 
ethyl)-2-methyl-propionamide. 

[0026] Another group of compounds which is preferred among the O group compounds, designated the S group, 
are those compounds of the O group wherein R 2 is hydrogen, -(C|-C 4 )alkyl, -(C 0 -C 2 )alkyl-(C 1 -C 6 )cycloalkyl, -(Co-Ca) 
alkyl-A 1 where the alkyl groups are optionally substituted with 1-3 fluoro groups; 

A 1 is phenyl, pyridyl or thiazolyl optionally substituted with one to two substituents, each substituent being inde- 




R 2 * is -OX 6 ; 



EP 1 002 802 B1 



pendently selected from the group consisting of F, CI, CH 3 , OCF 2 H, OCF 3 , and CF 3 ; 
Ft 2 * is -N(X 6 )(X 6 ); 

X 6 for each occurrence is independently hydrogen, optionally substituted (C r C 3 )alkyl, (C 2 -C 3 )fluoronated alkyl, 
optionally substituted (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )fluoronated cycloaikyl, where when there are two X s groups on one 
atom and both X s are independently (CyCgJalkyl, the two (C^CgJalkyl groups may be optionally joined and, together 
with the atom to which the two X 6 groups are attached, form a 4- to 6-membered ring optionally having oxygen as a 
ring member. 

[0027] Another group of compounds which is preferred among the S group compounds, designated the T group 
compounds, are those compounds of the S group wherein R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, 
optionally substituted with one to three substituents, each substituent being independently selected from the group 
consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 ; and 

Ft 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thiazolyl-CH 2 - 
0-CH 2 -, where the aryl portion of the groups defined for Ft 3 is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 . 
[0028] The following compounds are particularly preferred of the T Group compounds: 8a(Ft),1 (R) diastereomer or 
the 8a(S), 1 (R) diastereomer of the compound selected from the group consisting of 2-amino-N-{1 (R)-benzyloxymethyl- 
2-[8a-(4-fluoro-benzyl)-6-oxo-8-pyrrolidin-1 -yl-3, 4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-me- 
thyl-propionamide or 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8 -morpholin-4-yl-6-oxo-3, 4,6,8a-tet- 
rahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide. 

[0029] Another group of compounds preferred among the N group compounds, designated the U group compounds, 
are the group compounds wherein R 2 is hydrogen or (C r C 3 )alkyl where the alkyl is optionally substituted with 1-3 
fluoro groups; 

R2A is hydrogen, -(C r C 4 )alkyl, -(C 0 -C 2 )alkyl-(C 1 -C 6 )cycloalkyl, -(C 0 -C 2 )alkyl-A 1 where the alkyl groups are op- 
tionally substituted with 1-3 fluoro groups; 

A 1 is phenyl, pyridyl or thiazolyl optionally substituted with one to two substituents, each substituent being inde- 
pendently selected from the group consisting of F, CI, CH 3 , OCF 2 H, OCF 3 , and CF 3 . 

[0030] Another group of compounds preferred among the U group compounds, designated the V group, are those 
compounds of the U group wherein R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with 
one to three substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 ; and 

R3 fe selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thiazoiyl-CH 2 - 
0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and CF 3 . 
[0031] The following compounds are particularly preferred of the V group compounds: 8a(R),1 (R) diastereomer or 
the 8a(S),1(R) diastereomer of 2-amino-N-[2-(8a-benzyl-6-oxo-3,4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a] pyrazin-2-yl)-1 
(R)-benzyloxymethyl-2-oxo-ethy0-2-methyl-propionamide. 
[0032] This invention also provides: 

methods for increasing levels of endogenous growth hormone in a human or other animal which comprise admin- 
istering to such human or animal a therapeutically effective amount of a compound, a salt or a prodrug of Formula I ; 
pharmaceutical compositions which comprise a pharmaceutically acceptable carrier and an effective amount of a 
compound or a stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically pure, enantiomer- 
ically enriched or enantiomerically pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, 
or a pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug Formula I; 
pharmaceutical compositions useful for increasing the endogenous production or release of growth hormone in a 
human or other animal which comprise a pharmaceutically acceptable carrier, a therapeutically effective amount 
of a compound, a salt or a prodrug of formula and a growth hormone secretogogue selected from the group con- 
sisting of GHRP-6, Hexarelin, GHRP-1 , growth hormone releasing factor (GRF), IGF-1 , IGF-2 and B-HT920 or an 
analog thereof; 

methods for treating osteoporosis and/or frailty which comprise administering to a human or other animal in need 
of such treatment an amount of a compound, a salt or a prodrug of Formula I which is therapeutically effective in 
treating osteoporosis and/or frailty; 

methods for treating diseases or conditions which may be treated by growth hormone which comprises adminis- 
tering to a human or other animal in need of such treatment an amount of a compound or a prodrug of Formula I 
which is therapeutically effective in promoting release of endogenous growth hormone, 
preferred methods of the immediately foregoing methods is where the disease or condition is congestive heart 
failure, frailty associated with aging or obesity; 

methods for accelerating bone fracture repair, attenuating protein catabolic response after a major operation, re- 
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ducing cachexia and protein loss due to acute or chronic illness, accelerating wound healing, or accelerating the 
recovery of burn patients or patients having undergone major surgery, which method comprises administering to 
a mammal in need of such treatment an amount of a compound, a salt or a prodrug of Formula I which is thera- 
peutically effective in promoting release of endogenous growth hormone. 

preferred of the immediately foregoing methods is for accelerating the recovery of patients having undergone major 
surgery or for accelerating fracture repairs- 
methods for improving muscle strength, mobility, maintenance of skin thickness, metabolic homeostasis or renal 
homeostasis, which method comprises administering to a human or other animal in need of such treatment an 
amount of a compound, a salt or a prodrug of Formula I which is therapeutically effective in promoting release of 
endogenous growth hormone; 

methods for the treatment of osteoporosis and/or frailty which comprises administering to a human or other animal 
with osteoporosis and/orfrailty therapeutically effective amounts of a bisphosphonate compound and a compound, 
a salt or a prodrug of Formula I; 

methods for the treatment of osteoporosis and/or frailty wherein the bisphosphonate compound is alendronate or 
ibandronate; 

methods for the treatment of osteoporosis and/or frailty which comprises administering to a human or other animal 
with osteoporosis and/or frailty therapeutically effective amounts of estrogen or Premarin® and a compound, a 
salt or a prodrug of Formula I and, optionally, progesterone; 

methods for the treatment of osteoporosis and/or frailty which comprises administering to a human or other animal 
with osteoporosis and/or frailty therapeutically effective amounts of calcitonin and a compound, salt or prodrug of 
Formula I; 

methods to increase IGF-1 levels in a human or other animal deficient in IGF-1 which comprises administering to 
a human or other animal with IGF-1 deficiency a compound, a salt or a prodrug of Formula I; 
methods for the treatment of osteoporosis and/or frailty which comprises administering to a human or other animal 
with osteoporosis and/or frailty therapeutically effective amounts of an estrogen agonist or antagonist and a com- 
pound, a salt or a prodrug of Formula I; 

preferred methods of the immediately foregoing method is where the estrogen agonist or antagonist is tamoxifen, 
droloxifene, raloxifene or idoxifene, c/s-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahy- 
dro-naphthalene-2-ol; (-)-c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-pheny]-5,6,7,8-tetrahydro-naphthalene-2-ol; 
c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; c/s-1 -[6'-pyrrolodino- 
ethoxy-3'-pyridyl]-2-phenyl-6-hydroxy-1,2,3,4-tetrahydro-naphthalene; 1-(4'-pyrrolidinoethoxyphenyl)-2-(4"-fluor- 
ophenyl)-6-hydroxy-1,2,3,4-tetrahydroisoquinoline; c/s-6-(4-hydroxyphenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phe- 
nyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; or 1 -(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1 ,2,3,4-tetrahy- 
dro-isoquinoline. 

methods for enhancing growth and improving carcass quality of an animal other than humans which comprise 
administering to the animal a therapeutically effective amount of a compound, a salt or a prodrug of Formula I; 
methods for enhancing feed efficiency in an animal otherthan humans which comprises administering to the animal 
an therapeutically effective amount of a compound, a salt or a prodrug of Formula I. 

methods for increasing milk production in a female mammal which comprises administering to the female mammal 
a therapeutically effective amount of a compound, a salt or a prodrug of Formula I; 

methods for increasing piglet number, increasing pregnancy rate in sows, increasing viability of piglets, increasing 
weight of piglets or increasing muscle fiber size in piglets which comprises administering to a sow or piglet a 
therapeutically effective amount of a compound, a salt or a prodrug of Formula I; 

methods for increasing muscle mass, which method comprises administering to a human or other animal in need 
of such treatment a therapeutically effective amount of a compound, salt or a prodrug of Formula I which is ther- 
apeutically effective in promoting release of endogenous growth hormone; 

methods for promoting growth in growth hormone deficient children which comprises administering to a growth 
hormone deficient child a compound, a salt or a prodrug of Formula I which is therapeutically effective in promoting 
release of endogenous growth hormone; 

methods for the treatment or prevention of congestive heart failure, obesity or frailty associated with aging, which 
comprise administering to a human or other animal in need thereof therapeutically effective amounts of a functional 
somatostatin antagonist and a compound or a prodrug of Formula I; 

methods wherein the functional somatostatin antagonist is an alpha-2 adrenergic agonist and the other animal is 
a dog, cat or a horse; 

methods wherein the alpha-2 adrenergic agonist is clonidine, xylazine, detomidine or medetomidine; 

methods for treating insulin resistance in a mammal, which comprise administering to the mammal a therapeutically 

effective amount of a compound, a salt or prodrug of Formula I; and 

preferred methods of the immediately foregoing methods is where the condition associated with insulin resistance 
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is type 1 diabetes, type II diabetes, hyperglycemia, imparled glucose intolerance or an insulin resistant syndrome 
or where the condition associated with insulin resistance is associated with obesity or old age. 

[0033] The instant compounds promote the release of growth hormone which is stable under various physiological 
conditions and may be administered parenteral^, nasally or by the oral route. 

[0034] The present invention includes the compounds of the present invention, the pharmaceutical^ acceptable salts 
or prodrug thereof, wherein one or more hydrogen carbon or other atoms are replaced by istopes thereof. Such com- 
pounds may be useful as research and diagnostic tools in metabolism pharmacokinetic studies and in binding assays. 

Detailed Description of the Invention 

[0035] In general the compounds of Formula I can be made by processes known in the chemical arts. Certain proc- 
esses for the manufacture of Formula I compounds are provided as further features of the invention and are illustrated 
by the following reaction schemes. 

[0036] In the above structural formulae and throughout the instant application, the following terms have the indicated 
meanings unless expressly stated otherwise: 

[0037] The alkyl groups are intended to include those alkyl groups of the designated length in either a straight or 
branched configuration which may optionally contain double ortriple bonds. Exemplary of such alkyl groups are methyl, 
ethyl, propyl, isopropyl, butyl, sec-butyl, tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, allyl, ethynyl, propenyl, buta- 
dieny, and hexenyl. 

[0038] When the definition CO-alkyl occurs in the definition, it means a single covalent bond. 
[0039] The alkoxy groups specified above are intended to include those alkoxy groups of the designated length in 
either a straight or branched configuration which may optionally contain double or triple bonds. Exemplary of such 
alkoxy groups aremethoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tertiary butoxy, pentoxy, isopentoxy, hexoxy, 
isohexoxy, allyloxy, 2-propynyloxy, isobutenyloxy, and hexenyloxy. 

[0040] The term "halogen" or "halo" is intended to include the halogen atoms fluorine, chlorine, bromine and iodine. 
[0041 ] The term "halogenated alkyl" is intended to include an alkyl group as defined herein above substituted by one 
or more halogen atoms as defined herein above. 

[0042] The term "halogenated cycloalkyl" is intended to include a cycloalkyl group substituted by one or more halogen 
atoms as defined herein above. 

[0043] The term "aryl" is intended to include phenyl and naphthyl and aromatic 5- and 6-membered rings with 1 to 
4 heteroatoms or fused 5- and/or 6-membered bicyclic rings with 1 to 4 heteroatoms of nitrogen, sulfur or oxygen. 
Examples of such heterocyclic aromatic rings are pyridine, thiophene (also known as thienyl), furan, benzothiophene, 
tetrazole, indole, N-methylindole, dihydroindole, indazole, N-formylindole, benzimidazole, thiazole, pyrimidine, and thi- 
adiazole. 

[0044] The expression "prodrug" refers to compounds that are drug precursors which following administration, re- 
lease the drug in vivo via some chemical or physiological process (e.g., a prodrug on being brought to the physiological 
pH is converted to the desired drug form). Exemplary prodrugs upon cleavage release the corresponding free acid, 
and such hydrolyzable ester-forming residues of the compounds of this invention include but are not limited to carboxylic 
acid substituents (e.g., when R 1 is -(CH 2 ) q C(0)OX 6 where X 6 is hydrogen, or when Ft 2 or A 1 contains carboxylic acid) 
wherein the free hydrogen is replaced by (C 1 -C 4 )alkyl, (C 2 -C 12 )alkanoyloxymethyl, (C 4 -C g )1-(alkanoyloxy)ethyl, 1-me- 
thyl-1 (alkanoyloxy)-ethyl having from 5 to 1 0 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 
1 -(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1 -methyl-1 -(alkoxycarbonyloxy)ethyl having from 5 to 8 
carbon atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-(alkoxycarbonyl)amino)ethyl 
having from 4 to 10 carbon atoms, 3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C 1 -C 2 )alkylamino 
(C 2 -C 3 )alkyl (such as b-dimethylaminoethyl), carbamoyl-(C 1 -C 2 )alkyl, N,N-di(C 1 -C 2 )-alkylcarbamoyl-(C 1 -C 2 )alkyl and 
piperidino-, pyrrolidino- or morpholino(C 2 -C 3 )alkyl. 

[0045] Other exemplary prodrugs release an alcohol of Formula I wherein the free hydrogen of the hydroxyl substit- 
uent (e.g., when R 1 contains hydroxyl) is replaced by (Ci-Cgjalkanoyloxymethyl, 1-((C 1 -C 0 )alkanoyloxy)ethyl, 1-me- 
thyl-1 -((C r C 6 )alka-noyloxy)ethyl, (C 1 -C 6 )alkoxycarbonyloxymethyl, N-(C 1 -C 6 )alkoxy-carbonylamino-methyl, succi- 
noyl, (C,-C 6 )alkanoyl, a-amino(C 1 -C 4 )alkanoyl, arylacetyl and a-aminoacyl, or a-aminoacyl-a-aminoacyl wherein said 
a-aminoacyl moieties are independently any of the naturally occurring L-amino acids found in proteins, -P(0)(OH) 2 , 
-P(0)(0(C r C 6 )alkyl)2 or glycosyl (the radical resulting from detachment of the hydroxyl of the hemiacetal of a carbo- 
hydrate). 

[0046] Prodrugs of this invention where a carboxyl group in a carboxylic acid of Formula I is replaced by an ester 
may be prepared by combining the carboxylic acid with the appropriate alkyl halide in the presence of a base such as 
potassium carbonate in an inert solvent such as DMF at a temperature of about 0°Cto 100°C for about 1 to about 24 
hours. Alternatively, the acid is combined with the appropriate alcohol as solvent in the presence of a catalytic amount 
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of acid such as concentrated sulfuric acid at a temperature of about 20°C to 120°C, preferably at reflux, for about 1 
hour to about 24 hours. Another method is the reaction of the acid in an inert solvent such as THF, with concomitant 
removal of the water being produced by physical (e.g., Dean Stark trap) or chemical (e.g., molecular sieves) means. 
[0047] Prodrugs of this invention where an alcohol function has been derivatized as an ether may be prepared by 

s combining the alcohol with the appropriate alky I bromide or iodide in the presence of a base such as potassium car- 
bonate in an inert solvent such as DMF at a temperature of about 0°C to 100°C for about 1 to about 24 hours. Al- 
kanoylaminomethyl ethers may be obtained by reaction of the alcohol with a bis-(alkanoylamino)methane in the pres- 
ence of a catalytic amount of acid in an inert solvent such as THF, according to a method described in US 4,997,984. 
Alternatively, these compounds may be prepared by the methods described by Hoffman et al. in J. Org Chem. 1994, 

10 59, p. 3530. 

[0048] Certain of the above defined terms may occur more than once in the above formula and upon such occurrence 
each term shall be defined independently of the other. 

[0049] The compounds of Formula I above contains chiral centers and therefore may exist in different enantiomeric 
dorms. This invention relates to all optical isomers at all other stereoisomers (e.g. diasteriomers) of compounds of 

'5 Formula I and mixtures thereof. 

[0050] The compounds of the instant invention all have at least one asymmetric center as noted by the asterisk in 
the structural Formula I. Additional asymmetric centers may be present on the molecule depending upon the nature 
of the various substituents on the molecule. Each such asymmetric center will produce two optical isomers and it is 
intended that all such optical isomers, as separated, pure or partially purified optical isomers, racemic mixtures or 

so diastereomeric mixtures thereof, be included within the scope of the instant invention. In the case of the asymmetric 
center represented by the asterisk, it has been found that the absolute stereochemistry of the more active and thus 
more preferred isomer is shown in Formula IA. This preferred absolute configuration also applies to Formula I. 



[0051] With the R 4 substituent as hydrogen, the spatial configuration of the asymmetric center corresponds to that 
in a D-amino acid. In most cases this is also designated an R-conflguration although this will vary according to the 

35 values of R 3 and R 4 used in making R- or S-stereochemical assignments. 

[0052] The instant compounds are generally isolated in the form of their pharmaceutical^ acceptable acid addition 
salts, such as the salts derived from using inorganic and organic acids. Examples of such acids are hydrochloric, nitric, 
sulfuric, phosphoric, formic, acetic, trifluoroacetic, propionic, maleic, succinic, D-tartaric, L-tartaric, malonic, and meth- 
ane sulfonic. In addition, certain compounds containing an acidic function such as a carboxy can be isolated in the 

40 form of their inorganic salt in which the counter-ion can be selected from sodium, potassium, lithium, calcium, and 
magnesium, as well as from organic bases. 

[0053] The pharmaceutically acceptable salts are formed by taking about 1 equivalent of a compound of Formula I 
and contacting it with about 1 equivalent of the appropriate corresponding acid of the salt which is desired. Work-up 
and isolation of the resulting salt is well-known to those of ordinary skill in the art. 

4 $ [0054] The growth hormone releasing compounds of Formula I are useful in vitro as unique tools for understanding 
how growth hormone secretion is regulated at the pituitary level. This includes use in the evaluation of many factors 
thought or known to influence growth hormone secretion such as age, sex, nutritional factors, glucose, amino acids, 
fatty acids, as well as fasting and non-fasting states. In addition, the compounds of this invention can be used in the 
evaluation of how other hormones modify growth hormone releasing activity. For example, it has already been estab- 

so Hshed that somatostatin inhibits growth hormone release. 

[0055] The compounds of Formula I can be administered to animals, including humans, to release growth hormone 
in vivo. The compounds are useful for treating symptoms related to GH deficiency; stimulating pre- and post-natal 
growth or enhancing feed efficiency and improving carcass quality of animals raised for meat production; increasing 
milk production in dairy cattle; improving estrous synchronization in livestock such as swine, beef and dairy cattle; 

55 improving bone or wound healing and improving vital organ function in animals. The compounds of the present inven- 
tion, by inducing endogenous GH secretion, will alter body composition and modify other GH-dependent metabolic, 
immunologic or developmental processes. For example, the compounds of the present invention can be given to chick- 
ens, turkeys, livestock animals (such as sheep, pigs, horses, cattle, etc.) and companion animals (e.g., dogs). These 
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compounds may also have utility in aquaculture to accelerate growth and improve the percent lean meat. In addition, 
these compounds can be administered to humans in vivo as a diagnostic tool to directly determine whether the pituitary 
is capable of releasing growth hormone. For example, the compounds of Formula I or a pharmaceutically acceptable 
salt or prodrug thereof can be administered in vivo to children and serum samples taken before and after such admin- 
s istration can be assayed for growth hormone. Comparison of the amounts of growth hormone in each of these samples 
would be a means for directly determining the ability of the patient's pituitary to release growth hormone. 
[0056] Accordingly, the present invention includes within its scope pharmaceutical compositions comprising, as an 
active ingredient, at least one of the compounds of Formula I or a pharmaceutically acceptable salt or prodrug thereof 
in association with a pharmaceutically acceptable carrier. Optionally, the pharmaceutical compositions can further corn- 
to prise an anabolic agent in addition to at least one of the compounds of Formula or a pharmaceutically acceptable salt 
or prodrug thereof, or another compound which exhibits a different activity, e.g., an antibiotic or coccidiostat (e.g., 
monensin) growth promotant or an agent to treat osteoporosis or with other pharmaceutically active materials wherein 
the combination enhances efficacy and minimizes side effects. 

[0057] Growth promoting and anabolic agents include, but are not limited to, TRH, PTH, diethylstilbesterol, estrogens, 
15 B-agonists, theophylline, anabolic steroids, enkephalins, E series prostaglandins, compounds disclosed in U.S. Patent 
No. 3,239,345, e.g., zeranol; compounds disclosed in U .S. Patent No. 4,036,979, e.g. , sulbenox; and peptides disclosed 
in U.S. Patent No. 4,411,890. 

[0058] The growth hormone secretagogues of this invention in combination with other growth hormone secretago- 
gues such as the growth hormone releasing peptides GHRP-6 and GHRP-1 as described in U.S. Patent No. 4,41 1 ,890, 

20 the disclosure of which is hereby incorporated by reference, and publications WO 89/071 1 0, WO 89/071 1 1 and B-HT920 
as well as hexarelin and the newly discovered GHRP-2 as described in WO 93/04081 or growth hormone releasing 
hormone (GHRH, also designated GRF) and its analogs or growth hormone and its analogs or somatomedins including 
IGF-1 and IGF-2 oralpha-2-adrenergic agonists such as clonidine, xylazine, detomidine and medetomidine orserotonin 
5HTID agonists such as sumitriptan or agents which inhibit somatostatin or its release such as physostigmine and 

25 pyridostigmine, are useful for increasing the endogenous levels of GH in mammals. The combination of a GH secret- 
agogue of this invention with GRF results in synergistic increases of endogenous growth hormone. 
[0059] As is well known to those skilled in the art, the known and potential uses of growth hormone are varied and 
multitudinous [See "Human Growth Hormone", Strobel and Thomas, Pharmacological Reviews, 46, pg. 1-34 (1994); 
T. Rosen et al., Horm Res, 1995; 43: pp. 93-99; M. Degerblad et al., European Journal of Endocrinology, 1995, 133: 

so pp.180-188; J. O. Jorgensen, European Journal of Endocrinology, 1994, 130: pp. 224-228; K. C. Copeland et al., 
Journal of Clinical Endocrinology and Metabolism, Vol. 78 No. 5, pp. 1040-1047; J. A. Aloi et al., Journal of Clinical 
Endocrinology and Metabolism, Vol. 79 No. 4, pp. 943-949; F. Cordido et al., Metab. Clin. Exp., (1995), 44(6), pp. 
745-748; K. M. Fairhall et al., J. Endocrinol., (1995), 145(3), pp. 417-426; R.M. Frieboes et al., Neuroendocrinology, 
(1995), 61(5), pp. 584-589; and M. Llovera et al., Int. J. Cancer, (1995), 61(1), pp. 138-141]. Thus, the administration 

35 of the compounds of this invention for purposes of stimulating the release of endogenous growth hormone can have 
the same effects or uses as growth hormone itself. These varied uses of growth hormone may be summarized as 
follows: stimulating growth hormone release in elderly humans or companion animals especially dogs, cats, camels 
and horses; treating growth hormone deficient adult humans or other animals especially dogs, cats, camels and horses; 
preventing catabolic side effects of glucocorticoids, treating osteoporosis, stimulating the immune system, accelerating 

40 wound healing, accelerating bone fracture repair, treating growth retardation, treating congestive heart failure as dis- 
closed in PCT publications WO 95/28173 and WO 95/28174 (an example of a method for assaying growth hormone 
secretagogues for efficacy in treating congestive heart failure is disclosed in R. Yang et al., Circulation, Vol. 92, No. 2, 
p. 262, 1 995), treating acute or chronic renal failure or insufficiency; treating physiological short stature including growth 
hormone deficient children, treating short stature associated with chronic illness, treating obesity, treating growth re- 

45 tardation associated with Prader-Willi syndrome and Turner's syndrome; accelerating the recovery and reducing hos- 
pitalization of bum patients or following major surgery such as gastrointestinal surgery; treating intrauterine growth 
retardation, skeletal dysplasia, hypercortisonism and Cushings syndrome; replacing growth hormone in stressed pa- 
tients; treating osteochondrodysplasias, Noonans syndrome, sleep disorders, Alzheimer's disease, delayed wound 
healing, and psychosocial deprivation; treating pulmonary dysfunction and ventilator dependency; attenuating protein 

so catabolic response after a major operation; treating malabsorption syndromes, reducing cachexia and protein loss due 
to chronic illness such as cancer or AIDS; accelerating weight gain and protein accretion in patients on TPN (total 
parenteral nutrition); treating hyperinsulinemia including nesidioblastosis; adjuvant treatment for ovulation induction 
and to prevent and treat gastric and duodenal ulcers; stimulating thymic development and preventing age-related 
decline of thymic function; adjunctive therapy forpatients on chronic hemodialysis; treating immunosuppressed patients 

55 and enhancing antibody response following vaccination; improving muscle strength, increasing muscle mass, mobility, 
maintenance of skin thickness, metabolic homeostasis, renal hemeostasis in the frail elderly; stimulating osteoblasts, 
bone remodeling, and cartilage growth; treating neurological diseases such as peripheral and drug induced neuropathy, 
Guillian-Barre Syndrome, amyotrophic lateral sclerosis, multiple sclerosis, cerebrovascular accidents and demyelinat- 
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ing diseases; and stimulating wool growth in sheep. 

[0060] Uses of GH in farm animals raised for meat production such as chickens, turkeys, sheep, pigs and cattle 
include stimulation of pre- and post- natal growth, enhanced feed efficiency in animals raised for meat production, 
improved carcass quality (increased muscle to fat ratio) (Campbell, R. G. et al., (1989), J. Anim. Sci. 67, 1265; Dave, 

5 D. J., Bane, D. P., (1 990), The Compendium Food Anual, Vol. 12(1), 117; Holden, P. J., (1990), Agri-Practice, 11 (3), 
25; Claus, R., Weiber, U., (1 994), Livestock Production Science, 37, 245; Roeder, R. et al., (1 994), Growth Regulation, 
4, 1 01 ); increased milk production in dairy cattle (McBride, B. W. et al. , (1 988), Research and Development in Agriculture 
5(1), 1 ; McDowell, G. H. et al., (1988), Aust. J. Biol. Sci., 41 , 279); improved body composition; modification of other 
GH-dependent metabolic (Claus, R. and Weiber, U., (1 994), Livestock Production Science, 37, 245) and immunologic 

10 functions such as enhancing antibody response following vaccination or improved developmental processes; and may 
have utility in aquaculture to accelerate growth and improve the protein-to-fat ratio in fish. 

[0061 ] Preferred uses in companion animals include stimulating endogenous growth hormone release in companion 
animals such as dogs, cats and horses; treating disorders of aging (Detenbeck, L. C, Jowsey, J., Clinical Orthopedics 
and Related Research, July-August 1969, No. 65, pp. 76-80); stimulating thymic development and preventing age- 
's related decline of thymic function (Goff, B. L. et al., Clinical and Experimental Immunology, 1987, 68:3, pp. 580-587; 
Morrison, W. B. et al., Am. J. Vet. Res., Jan. 1990, 51:1, pp. 65-70; Roth, J. A. et al., Am. J. Vet. Res., 1984, Vol. 45, 
pp. 1 1 51 -1 1 55); preventing age-related decline of thymic function; preventing age-related decline in cognition; accel- 
erating wound healing (Jacks, T. et al., Vet. Surg. 1996, 25, (5), 430); accelerating bone fracture repair (Pandey, S. K., 
Udupa, K. N., Indian J. Vet. Surg. 1 (2): 73-78, July 1980); stimulating osteoblasts, bone remodelling and cartilage 

20 growth (Harris, W. H. et al., Calc. Tiss. Res., 10, 1972, pp. 1-13; Heaney, R. P. et al., Calc. Tiss. Res. 10, 1972, pp. 
14-22; Mankin. H. J. et al., J. of Bone and Joint Surgery, Vol. 60-A, #8, Dec. 1978, pp. 1071-1075); attenuating protein 
catabolic response after major surgery, accelerating recovery from bum injuries and major surgeries such as gastroin- 
testinal surgery; stimulating the immune system and enhancing antibody response following vaccination; treating con- 
gestive heart failure, treating acute or chronic renal failure or insufficiency, treating obesity; treating growth retardation, 

25 skeletal dysplasia and osteochondrodysplasias; preventing catabolic side effects of glucocorticoids; treating Cushing's 
syndrome; treating malabsorption syndromes, reducing cachexia and protein loss due to chronic illness such as cancer; 
accelerating weight gain and protein accretion in animals receiving total parenteral nutrition; providing adjuvant treat- 
ment for ovulation induction and to prevent gastrointestinal ulcers; improving muscle mass, strength and mobility; 
maintenance of skin thickness, and improving vital organ function and metabolic homeostasis. 

30 [0062] The growth hormone secretagogues of this invention, compounds of Formula I , or a pharmaceutically accept- 
able salt or prodrug thereof in combination with an alpha-2 adrenergic agonist are useful in promoting GH secretion 
in humans and other animals (See Cella, S. G. et al., Acta Endocrinologica (Copenh.) 1989, 121, pp. 177-184). As 
such, a combination of a compound of Formula I or a pharmaceutically acceptable salt or prodrug thereof and an alpha- 
2 adrenergic agonist is useful in the treatment or prevention of frailty associated with aging, congestive heart failure 

35 and obesity which comprises administering to a human or another animal, especially dogs, cats and horses, in need 
of such treatment a combination of an alpha-2 adrenergic agonist and a compound of Formula I or a pharmaceutically 
acceptable salt or prodrug thereof, defined above. Preferred alpha-2 adrenergic agonists include clonidine, which is 
disclosed in US Patent No. 3,202,660, xylazine, which is disclosed in US Patent No. 3,235,550 and medetomidine, 
which is disclosed in US Patent No. 4,544,664. In another aspect, this Invention provides methods for accelerating 

40 bone fracture repair and wound healing, attenuating protein catabolic response after a major operation, and reducing 
cachexia and protein loss due to chronic illness, which comprise administering to a human or another animal, especially 
dogs, cats and horses in need of such treatment a combination of an alpha-2 adrenergic agonist such as clonidine, 
xylazine or medetomidine and a compound of Formula I or a pharmaceutically acceptable salt or prodrug thereof. It 
has been shown that alpha-2 adrenergic agonists cause release of endogenous growth hormone in human and canine 

4s subjects (Cella et al., Life Sciences (1984), 34:447-454; Hampshire J, Altszuler N., American Journal of Veterinary 
Research (1 981 ), 42:6, 1 073-1 076; Valcavi et al., Clinical Endocrinology (1 988), 29:309-31 6; Morrison et al., American 
Journal of Veterinary Research (1 990), 51 :1 , 65-70;), and that the co-administration of an alpha-2 adrenergic agonist 
with growth hormone-releasing factor restores defective growth hormone secretion in aged dogs (Arce et al., Brain 
Research (1990), 537:359-362; Cella et. al., Neuroendocrinology (1993), 57:432-438). 

so [0063] This invention also relates to a method of treating insulin resistant conditions such as Non-Insulin Dependent 
Diabetes Mellitus (NIDDM) and reduced glycemic control associated with obesity and aging in a mammal in need 
thereof which comprises administering to said mammal an effective amount of a compound of the Formula I or a 
pharmaceutically acceptable salt or prodrug thereof. 

[0064] This invention is directed to the use of growth hormone secretagogues specifically growth hormone releasing 

6 peptides (GHRP) or GHRP mimetics of Formula I or a pharmaceutically acceptable salt or prodrug thereof to improve 
glycemic control. Agents that increase growth hormone (GH) levels would not be expected to have this effect since it 
is widely recognized that GH is diabetogenic in animals and in humans. In acromegalics, glucose utilization and sup- 
pression of hepatic glucose production are impaired (see Hansen, I., et al., Am J Physiol, 250:E269 (1986)). In this 
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disease of GH excess, impaired glucose handling and hyperinsulinemia have been reversed by pituitary surgery or 
chemotherapy which reduced GH levels (see Levin S.R., et al., Am J Med, 57:526 (1974), Feek, CM., et al., J Clin 
Endocrinol 22:532 (1 981)). Furthermore, administration of GH to older subjects caused hyperglycemia, glucose intol- 
erance and hyperinsulinemia in numerous studies (see Aloia, J.F., et al., J Clin Endocrinol Metab, 43:992 (1976); 
s Binnerts et al., J Clin Endocrinol Metab, 67:1312 (1988); Marcus, R., et al., J Clin Endocrinol Metab, 70:519 (1990)). 
Therefore, GH therapy is contra-indicated for individuals with diabetes or those at risk for diabetes. 
[0065] It will be known to those skilled in the art that there are numerous compounds now being used in an effort to 
treat the diseases or therapeutic indications enumerated above. Combinations of these therapeutic agents, some of 
which have also been mentioned above, with growth promotant, exhibit anabolic and desirable properties of these 
io various therapeutic agents. In these combinations, the therapeutic agents and the growth hormone secretagogues of 
this invention may be independently and sequentially administered in any order or co-administered in dose ranges 
from one one-hundredth to one times the dose levels which are effective when these compounds and secretagogues 
are used singly. Combined therapy to inhibit bone resorption, prevent osteoporosis, reduce skeletal fracture, enhance 
the healing of bone fractures, stimulate bone formation and increase bone mineral density can be effectuated by corn- 
's binations of bisphosphonates and the growth hormone secretagogues of this invention. See PCT publication WO 
95/1 1 029 for a discussion of combination therapy using bisphosphonates and GH secretagogues. The use of bisphos- 
phonates for these utilities has been reviewed, for example, by Hamdy, N.A.T., Role of Bisphosphonates in Metabolic 
Bone Diseases, Trends in Endocrinol. Metab., 1 993, 4, pages 1 9-25. Bisphosphonates with these utilities include but 
are not limited to alendronate, tiludronate, dimethyl-APD, risedronate, etidronate, YM-1 75, clodronate, pamidronate, 
20 and BM-21 0995 (ibandronate). According to their potency, oral daily dosage levels of the bisphosphonate of between 
0.1 mg/kg and 5 g/kg of body weight and daily dosage levels of the growth hormone secretagogues of this invention 
of between 0.01 mg/kg to 20 mg/kg of body weight are administered to patients to obtain effective treatment of oste- 
oporosis. 

[0066] The compounds of this invention may be combined with a mammalian estrogen agonist/antagonist. Any es- 
25 trogen agonist/antagonist may be used asthesecond compound of this invention. Theterm estrogen agonist/antagonist 
refers to compounds which bind with the estrogen receptor, inhibit bone turnover and prevent bone loss. In particular, 
estrogen agonists are herein defined as chemical compounds capable of binding to the estrogen receptor sites in 
mammalian tissue, and mimicking the actions of estrogen in one or more tissue. Estrogen antagonists are herein 
defined as chemical compounds capable of binding to the estrogen receptor sites in mammalian tissue, and blocking 
so the actions of estrogen in one or more tissues. Such activities are readily determined by those skilled in the art according 
to standard assays including estrogen receptor binding assays, standard bone histomorphometric and densitometer 
methods (see Eriksen E.F. et al., Bone Histomorphometry, Raven Press, New York, 1994, pages 1-74; Grier S.J. et. 
al., The Use of Dual-Energy X-Ray Absorptiometry In Animals, Inv. Radiol., 1996, 31(1):50-62; Wahner H.W. and 
Fogelman I., The Evaluation of Osteoporosis: Dual Energy X-Ray Absorptiometry in Clinical Practice., Martin Dunitz 
35 Ltd., London 1994, pages 1-296). A variety of these compounds are described and referenced below, however, other 
estrogen agonists/ antagonists will be known to those skilled in the art. A preferred estrogen agonist/ antagonist is 
droloxifene: (phenol, 3-[1-[4[2-(dimethylamino)ethoxy]-phenyl]-2-phenyl-1-butenyl]-, (E)-) and associated compounds 
which are disclosed in U.S. Patent No. 5,047,431 . 

[0067] Another preferred estrogen agonist/antagonist is tamoxifen: (ethanamine,2-[-4-(1 ,2-diphenyl-1 -butenyl)phe- 
40 noxy]-N,N-dimethyl, (Z)-2,2-hydroxy-1 ,2,3-propanetri-carboxylate (1:1)) and associated compounds which are dis- 
closed in U.S. Patent No. 4,536,516. Another related compound is 4-hydroxy tamoxifen which is disclosed in U.S. 
Patent No. 4,623,660. 

[0068] Another preferred estrogen agonist/antagonist is raloxifene: (methanone, [6-hydroxy-2-(4-hydroxyphenyl) 
benzo[b]thlen-3-yl][4-[2-(1-piperidinyl)ethoxy]phenyl]-,hydrochloride) and associated compounds which are disclosed 
is in U.S. Patent No. 4,41 8,068. 

[0069] Another preferred estrogen agonist/antagonist is idoxifene: Pyrrolidine, 1 -[-[4-[[1 -(4-iodophenyl)-2-phenyl- 
1 -Butenyl]phenoxy]ethyl] and associated compounds which are disclosed in U.S. Patent No. 4,839,155. 
[0070] Other preferred estrogen agonist/antagonists include compounds as described in commonly assigned U.S. 
patent no. 5,552,412. Especially preferred compounds which are described therein are: 

so 

c;s-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 
(-)-c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 
c/s-6-phenyl-5-[4-(2-pymolidin-1-yl-ethoxy)phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 
c/s-l-fe'-pyrrolodinoethoxy-S'-pyridylJ^-phenyl-e-hydroxy-l.a.S^-tetrahydronaphthalene; 
55 1-(4'-pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2,3,4-tetrahydroisoquinoline; 

c/s-6-(4-hydroxyphenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; and 
1-(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4-tetrahydroisoquinoline. 
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[0071] Other estrogen agonist/antagonists are described in U.S. Patent No. 4,133,814, the disclosure of which is 
hereby incorporated by reference. U.S. Patent No. 4,1 33,81 4 discloses derivatives of 2-phenyl-3-aroyl-benzothiophene 
and 2-phenyl-3-aroylbenzothiophene-1 -oxide. 

[0072] The following paragraphs provide preferred dosage ranges for various anti-resorptive agents. 
s [0073] The amount of the anti-resorptive agentto be used is determined by its activity as a bone loss inhibiting agent. 
This activity is determined by means of an individual compound's pharmacokinetics and its minimal maximal effective 
dose in inhibition of bone loss using a protocol such as those referenced above. 

[0074] In general a therapeutically effective dosage for the activities of this invention, for example the treatment of 
osteoporosis, for the estrogen agonists/antagonists (when used in combination with a compound of Formula I or a 
10 pharmaceutical^ acceptable salt or prodrug thereof of this invention) is in the range of 0.01 to 200 mg/kg/day, preferably 
0.5 to 1 00 mg/kg/day. 

[0075] In particular, an effective dosage for droloxifene is in the range of 0.1 to 40 mg/kg/day, preferably 0.1 to 5 mg/ 
kg/day. 

[0076] In particular, an effective dosage for raloxifene is in the range of 0.1 to 100 mg/kg/day, preferably 0.1 to 10 
mg/kg/day. 

[0077] In particular, an effective dosage fortamoxifen is in the range of 0.1 to 100 mg/kg/day, preferably 0.1 to5mg/ 
kg/day. 

[0078] In particular, an effective dosage for 

20 c/s-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 

(-)-c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 

c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 

c/s-1-[6'-pyrrolodinoethoxy-3'-pyridyl]-2-phenyl-6-hydroxy-1,2,3,4-tetrahydronaphthalene; 

1-(4'-pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2 l 3,4-tetrahydroisoquinoline; 
25 c/s-6-(4-hydroxyphenyl)-5-{4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; or 

1 -(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1 ,2,3,4-tetrahydroisoquinoline is in the range of 0.0001 to 1 00 

mg/kg/day, preferably 0.001 to 10 mg/kg/day. 

[0079] In particular, an effective dosage for 4-hydroxy tamoxifen is in the range of 0.0001 to 1 00 mg/kg/day, preferably 
ao 0.001 to 10 mg/kg/day. 

[0080] The term "treating" as used herein, unless otherwise indicated, means reversing, alleviating, inhibiting the 
progress of, or preventing the disorder or condition to which such term applies on one or more symptoms of such 
disorder or condition. The term "treatment" as used herein, refers to the act of treating, as "treating" is defined imme- 
diately above. 

35 

Assay for stimulation of QH release from rat pituicytes 

[0081 ] Compounds that have the ability to stimulate GH secretion from cultured rat pituitary cells are identified using 
the following protocol. This test is also useful for comparison to standards to determine dosage levels. Cells are isolated 

40 from pituitaries of 6-week old male Wistar rats. Following decapitation, the anterior pituitary lobes are removed into 
cold, sterile Hank's balanced salt solution without calcium or magnesium (HBSS). Tissues are finely minced, then 
subjected to two cycles of mechanically assisted enzymatic dispersion using 1 0 U/mL bacterial protease (EC 3.4.24.4, 
Sigma P-61 41 , St. Louis, Missouri) in HBSS. The tissue-enzyme mixture is stirred in a spinner flask at 30 rpm in a 5% 
C0 2 atmosphere at about 37 °C for about 30 min., with manual trituration after about 15 min. and about 30 min. using 

4s a 1 0-mL pipet. This mixture is centrifuged at 200 x g for about 5 min. Horse serum (35% final concentration) is added 
to the supernatant to neutralize excess protease. The pellet is resuspended in fresh protease (1 0 U/mL), stirred for 
about 30 min. more under the previous conditions, and manually triturated, ultimately through a 23-gauge needle. 
Again, horse serum (35% final concentration) is added, then the cells from both digests are combined, pelleted (200 
x g for about 15 min.), resuspended in culture medium (Dulbecco's Modified Eagle Medium (D-MEM) supplemented 

so with 4.5 g/L glucose, 1 0% horse serum, 2.5% fetal bovine serum, 1 % non-essential amino acids, 1 00 U/mL nystatin 
and 50 mg/mL gentamycin sulfate, Gibco, Grand Island, New York) and counted. Cells are plated at 6.0-6.5x1 0 4 cells 
per cm 2 in 48-well Costar™ (Cambridge, Massachusetts) dishes and cultured for 3-4 days in culture medium. 
[0082] Just prior to GH secretion assay, culture wells are rinsed twice with release medium, then equilibrated for 
about 30 minutes in release medium (D-MEM buffered with 25 mM Hepes, pH 7.4 and containing 0.5% bovine serum 

55 albumin at 37 °C). Test compounds are dissolved in DMSO, then diluted into pre-warmed release medium. Assays are 
run in quadruplicate. The assay is initiated by adding 0.5 mL of release medium (with vehicle or test compound) to 
each culture well. Incubation is carried out at about 37 °C for about 15 minutes, then terminated by removal of the 
release medium, which is centrifuged at 2000 x g for about 1 5 minutes to remove cellular material. Rat growth hormone 
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concentrations in the supernatants are determined by a standard radioimmunoassay protocol described below. 
Measurement of rat growth hormone 

[0083] Rat growth hormone concentrations were determined by double antibody radioimmunoassay using a rat 
growth hormone reference preparation (NIDDK-rGH-RP-2) and rat growth hormone antiserum raised in monkey (NID- 
DK-anti-rGH-S-5) obtained from Dr. A. Parlow (Harbor-UCLA Medical Center, Torrence, CA). Additional rat growth 
hormone (1 ,5U/mg, #G2414, Scripps Labs, San Diego, CA) is iodinated to a specific activity of approximately 30 u.Ci/ 
Hg by the chloramine T method for use as tracer. Immune complexes are obtained by adding goat antiserum to monkey 
IgG (ICN/Cappel, Aurora, OH) plus polyethylene glycol, MW 1 0,000-20,000 to a final concentration of 4.3%; recovery 
is accomplished by centrifugation. This assay has a working range of 0.08-2.5 ug rat growth hormone per tube above 
basal levels. 

Assay for Exogenously-Stimulated Growth Hormone Release in the Rat after Intravenous Administration of Test 
Compounds 

[0084] Twenty-one day old female Sprague-Dawley rats (Charles River Laboratory, Wilmington, MA) are allowed to 
acclimate to local vivarium conditions (24 °C, 1 2 hr light, 1 2 hr dark cycle) for approximately 1 week before compound 
testing. All rats are allowed access to water and a pelleted commercial diet (Agway Country Food, Syracuse NY) ad 
libitum. The experiments are conducted in accordance with the NIH Guide forthe Care and Use of Laboratory Animals. 
[0085] On the day of the experiment, test compounds are dissolved in vehicle containing 1% ethanol, 1 mM acetic 
acid and 0.1 % bovine serum albumin in saline. Each test is conducted in three rate. Rats are weighed and anesthetized 
via intraperitoneal injection of sodium pentobarbital (Nembutal®, 50 mg/kg body weight). Fourteen minutes after an- 
esthetic administration, a blood sample is taken by nicking the tip of the tail and allowing the blood to drip into a 
microcentrifuge tube (baseline blood sample, approximately 100 uJ). Fifteen minutes after anesthetic administration, 
test compound is delivered by intravenous injection into the tail vein, with a total injection volume of 1 mL/kg body 
weight. Additional blood samples are taken from the tail at 5, 10 and 15 minutes after compound administration. Blood 
samples are kept on ice until serum separation by centrifugation (1430xg for 10 minutes at 10"C). Serum is stored at 
-80 °C until serum growth hormone determination by radioimmunoassay as described above. 

Assessment of Exogenously-Stimulated Growth Hormone Release in the Dog after Oral Administration 

[0086] On the day of dosing, the test compound is weighed out for the appropriate dose and dissolved in water. 
Doses are delivered at a volume of 0.5-3 mL/kg by gavage to 2-4 dogs for each dosing regimen. Blood samples (5 
mL) are collected from the jugular vein by direct vena puncture pre-dose and at 0.17, 0.33, 0.5, 0.75, 1 , 2, 4, 6, 8 and 
24 hours post dose using 5 mL vacutainers containing lithium heparin. The prepared plasma is stored at -20 °C until 
analysis. 

Measurement of Canine Growth Hormone 

[0087] Canine growth hormone concentrations are determined by a standard radioimmunoassay protocol using ca- 
nine growth hormone (antigen for iodination and reference preparation AFP-1 983B) and canine growth hormone an- 
tiserum raised in monkey (AFP-21 452578) obtained from Dr. A. Parlow (Harbor-UCLA Medical Center, Torrence, CA). 
Tracer is produced by chloramine T-iodination of canine growth hormone to a specific activity of 20-40 uCi/u.g. Immune 
complexes are obtained by adding goat antiserum to monkey IgG (ICN/Cappel, Aurora, OH) plus polyethylene glycol, 
MW 10,000-20,000 to a final concentration of 4.3%; recovery is accomplished by centrifugation. This assay has a 
working range of 0.08-2.5 ]ig canine GH/tube. 

Assessment of Canine Growth Hormone and Insulin-Like Growth Factor-1 Levels in the dog after chronic oral 
administration 

[0088] The dogs receive test compound daily for either 7 or 14 days. Each day of dosing, the test compound is 
weighed out for the appropriate dose and dissolved in water. Doses are delivered at a volume of 0.5-3 ml/kg by gavage 
to 5 dogs for each dosing regimen. Blood samples are collected at days 0, 3, 7, 10 and 14. Blood samples (5 ml) are 
obtained by direct venipuncture of the jugular vein at pre-dose, 0.17, 0.33, 0.5, 0.754, 1 , 2, 3, 6, 8, 12 and 24 hours 
post administration on days 0, 7 and 14 using 5 ml vacutainers containing lithium heparin. In addition, blood is drawn 
pre-dose and 8 hours on days 3 and 10. The prepared plasma is stored at -20°C until analysis. 
[0089] Plasma insulin is determined by radioimmunoassay using a kit from Binax Corp. (Portland, Maine). The inte- 
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rassay coefficient of variation is < 10%. Plasma triglycerides, total cholesterol, glucose and lactate levels are measured 
using Abbott VP™ and VP Super System® Autoanalyzer (Abbott Laboratories, Irving, Texas), using the A-Gent™ 
Triglycerides, Cholesterol and Glucose Test reagent systems, and a lactate kit from Sigma, respectively. The plasma 
insulin, triglycerides, total cholesterol and lactate lowering activity of a growth hormone releasing peptide (GHRP) or 
GHRP mimetic such as a compound of Formula I, are determined by statistical analysis (unpaired t-test) with the 
vehicle-treated control group. 

[0090] The compounds of this invention can be administered by oral, parenteral (e.g., intramuscular, intraperitoneal, 
intravenous or subcutaneous injection, or implant), nasal, vaginal, rectal, sublingual, ortopical routes of administration 
and can be formulated with pharmaceutically acceptable carriers to provide dosage forms appropriate for each route 
of administration. 

[0091] Solid dosage forms for oral administration include capsules, tablets, pills, powders and granules and for com- 
panion animals the solid dosage forms include an admixture with food and chewable forms. In such solid dosage forms, 
the active compound is admixed with at least one inert pharmaceutically acceptable carrier such as sucrose, lactose, 
or starch. Such dosage forms can also comprise, as is normal practice, additional substances other than such inert 
diluents, e.g., lubricating agents such as magnesium stearate. In the case of capsules, tablets and pills, the dosage 
forms may also comprise buffering agents. Tablets and pills can additionally be prepared with enteric coatings. In the 
case of chewable forms, the dosage form may comprise flavoring agents and perfuming agents. 
[0092] Liquid dosage forms for oral administration include pharmaceutically acceptable emulsions, solutions, sus- 
pensions, syrups, the elixirs containing inert diluents commonly used in the art, such as water. Besides such inert 
diluents, compositions can also include adjuvants, such as wetting agents, emulsifying and suspending agents, and 
sweetening, flavoring and perfuming agents. 

[0093] Preparations according to this invention for parenteral administration include sterile aqueous or non-aqueous 
solutions, suspensions, or emulsions. Examples of non-aqueous solvents or vehicles are propylene glycol, polyethyl- 
ene glycol, vegetable oils, such as olive oil and corn oil, gelatin, and injectable organic esters such as ethyl oleate. 
Such dosage forms may also contain adjuvants such as preserving, wetting, emulsifying, and dispersing agents. They 
may be sterilized by, for example, filtration through a bacteria-retaining filter, by incorporating sterilizing agents into the 
compositions, by irradiating the compositions, or by heating the compositions. They can also be manufactured in the 
form of sterile solid compositions which can be dissolved in sterile water, or some other sterile injectable medium 
immediately before use. 

[0094] Compositions for rectal or vaginal administration are preferably suppositories which may contain, in addition 
to the active substance, excipients such as coca butter or a suppository wax. 

[0095] Compositions for nasal or sublingual administration are also prepared with standard excipients well known in 
the art. 

[0096] The dosage of active ingredient in the compositions of this invention may be varied; however, it is necessary 
that the amount of the active ingredient be such that a suitable dosage form is obtained. The selected dosage depends 
upon the desired therapeutic effect, on the route of administration, and on the duration of the treatment. Generally, 
dosage levels of between 0.0001 to 100 mg/kg of body weight daily are administered to humans and other animals, 
e.g., mammals, to obtain effective release of growth hormone. 

[0097] A preferred dosage range in humans is 0.01 to 5.0 mg/kg of body weight daily which can be administered as 
a single dose or divided into multiple doses. 

[0098] A preferred dosage range in animals otherthan humans is 0.01 to 1 0.0 mg/kg of body weight dally which can 
be administered as a single dose or divided into multiple doses. A more preferred dosage range in animals other than 
humans is 0.1 to 5 mg/kg of body weight daily which can be administered as a single dose or divided into multiple doses. 
[0099] Throughout this disclosure the following abbreviations are used with the following meanings: 



BOC 


t-Butyloxycarbonyl 


Bz 


Benzyl 


BOP 


Benzotriazol-1 -yloxy tris(dimethylamino) phosphonium hexafluorophosphate 


CBZ 


Benzyloxycarbonyl 


CDI 


N ,N'-Carbonyldiimidazole 


DCC 


Dicyclohexylcarbodiimide 


DEC 


1 ,2-Diethylaminoethyl chloride hydrochloride 


DMAP 


4-Dimethylaminopyridine 


DMF 


Dimethylformamide 


DPPA 


Diphenylphosphoryl azide 


EDC 


1 -(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 


EtOAc 


Ethyl acetate 


Hex 


Hexane 
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HOAT 
HOBT 
HPLC 
Hz 



1 -Hydroxy-7-azabenzotriazole 
Hydroxybenzotriazole hydrate 
High pressure liquid chromatography 
Hertz 

Potassium Bis(trimethylsilyl)amide 
Lithium Bis(trimethylsilyl)amide 
Megahertz 
Mass Spectrum 

Sodium Bis(trimethylsilyl)amide 

Nuclear Magnetic Resonance 

1 -Prapanephosphonic acid cyclic anhydride 

Parathyroid hormone 

Trifluoroacetic acid 

Tetrahydrofuran 

Thin layer chromatography 

Thyrotropin releasing hormone 



KHMDS 
LHMDS 



MHz 
MS 



NaHMDS 



NMR 
PPAA 
PTH 
TFA 

THF 
TLC 
TRH 



[0100] The preparation of the compounds of Formula I of the present invention can be earned out in sequential or 
convergent synthetic routes. Syntheses detailing the preparation of the compounds of Formula I in a sequential manner 
are presented in the following reaction schemes. 

[0101] Many protected amino acid derivatives are commercially available, where the protecting groups, Pit, Prt' or 
Prt", are, for example, BOC, CBZ, FMOC, benzyl or ethoxycarbonyl groups. Other protected amino acid derivatives 
can be prepared by literature methods well-known to one skilled in the art. Some substituted piperazines and piperidines 
are commercially available, and many other piperazines and 4-substituted piperidines are known in the literature. Var- 
ious heterocyclic substituted piperidines and piperazines can be prepared following literature methods using derivatized 
heterocyclic intermediates. Alternatively, the heterocyclic rings of such compounds can be derivatized by standard 
means, such as coupling with CDI, hydrogenation of aromatic heterocycles, etc. as is well-known to those skilled in 
the art. 

[0102] Many of the schemes illustrated below describe compounds which contain protecting groups Prt, Prt' or Prt", 
which can be any suitable protecting group known to those skilled in the art. Benzyloxycarbonyl groups can be removed 
by a number of methods including, catalytic hydrogenation with hydrogen in the presence of a palladium or platinum 
catalyst in a protic solvent such as methanol. Preferred catalysts are palladium hydroxide on carbon or palladium on 
carbon. Hydrogen pressures from 1 -1 000 psi can be employed; pressures from 1 0 to 70 psi are preferred. Alternatively, 
the benzyloxycarbonyl group can be removed by transfer hydrogenation. 

[0103] Removal of BOC protecting groups can be carried out using a strong acid such as trifluoroacetic acid or 
hydrochloric acid with or without the presence of a cosolvent such as dichloromethane or methanol at a temperature 
of about -30° to 70°C, preferably about -5° to about 35°C. 

[0104] Benzyl groups on amines can be removed by a number of methods including catalytic hydrogenation with 
hydrogen in the presence of a palladium catalyst in a protic solvent such as methanol. Hydrogen pressures from 1 -1 000 
psi can be employed; pressures from 1 0 to 70 psi are preferred. The addition and removal of these and other protecting 
groups are discussed in detail by T. Greene in Protective Groups In Organic Synthesis, John Wiley & Sons, New York, 
1981. 

[0105] The variables shown in the following schemes are as described for compounds of Formula I, above, unless 
otherwise indicated. 
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SCHEME 1 

R\ R 4 o r 7 
0 X 4 

1-1 

o x 4 

1-3 

[0106] As illustrated in Scheme 1 , coupling of a heterocyclic amine (HET at the NH) of formula 1-2, as defined for 
Formula I, with a protected amino acid of formula 1-1, where Prt is a suitable protecting group, is conveniently carried 
out in an inert solvent such as dichloromethane or DMF by a coupling reagent such as EDC, DCC or DEC in the 
presence of HOBT or HOAT. In the case where amine 1-2 is present as the hydrochloride salt, it is preferable to add 
one equivalent of a suitable base such as triethylamine to the reaction mixture. Alternatively, the coupling can be 
effected with a coupling reagent such as BOP in an inert solvent such as methanol or with PPAA in a solvent like ethyl 
acetate. Such coupling reactions are generally conducted at temperatures of about -30° to about 80°C, preferably 0° 
to about 25°C. For a discussion of other conditions used for coupling peptides see Houben-Weyl, Vol. XV, part II, E. 
Wunsch, Ed., George Theime Verlag, 1974, Stuttgart. Separation of unwanted side products and purification of inter- 
mediates is achieved by chromatography on silica gel, employing flash chromatography (W. C. Still, M. Kahn and A. 
Mitra, J. Org. Chem. 43 2923 1 978), by crystallization, or by trituration. Transformation of 1 -3 into an intermediate of 
Formula 1 -4 can be carried out by removal of the protecting group Prt as described above. 





[0107] As illustrated in Scheme 2, coupling of a heterocyclic amine of Formula 1-2, as defined in claim 1 , with an 
amino acid of Formula 2-1 , where R 7 and R 8 are not hydrogen, is conveniently carried out in a manner similar to that 
described in Scheme 1 . 



SCHEME 3 




[0108] As illustrated in Scheme 3, an intermediate ether of Formula 3-2 can be prepared by treating an amino acid 
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of Formula 3-1 , where Pit Is a suitable protecting group, with a base such as potassium carbonate or sodium hydride 
followed by an alkyl halide, benzyl halide, tosylate or mesylate such as benzylbromide in a suitable solvent such as 
DMF or THF. Deprotectlon of the amine transforms 3-2 into 3-3. Alternatively, many amino acids of Formula 3-3 are 
commercially available. R is a group defined for R 3 in Formula I, above. 



SCHEME 4 




4-3 



[0109] As illustrated in Scheme 4, intermediates of Formula 4-2 can be prepared by treating an acid of Formula 4-1 
with hydroxysuccinimide in the presence of a coupling agent such as EDC in an inert solvent such as methylene 
chloride. Treating 4-2 with an amino acid of Formula 4-3 in a solvent such as DMF in the presence of a base such as 
diisopropylethylamine produces compounds of Formula 1-1 . 



SCHEME 5 




VSV^ — HO rV 

ox 4 8 X 4 

2-1 5-3 

[0110] As illustrated in Scheme 5, dipeptides of Formula 2-1 , where R 7 and R 8 are not hydrogen, is conveniently 
synthesized by the procedures described in Scheme 4. 
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[01 1 1] Intermediate esters of Formula 6-2, where Prt and Pit' are protecting groups, can be prepared by treating an 
acid of Formula 6-1 with a base such as potassium carbonate followed by an alkyl halide such as iodomethane in a 
suitable solvent such as DMF. Alternatively, an ester of Formula 6-2 can be prepared by reacting an acid of Formula 
6-1 with diazomethane or (trimethylsilyl)diazomethane. For the preparation of compound 6-2 see Bigge, C.F. et al., 
Tet. Lett., 1989, 30, 5193-5196. Intermediate 6-4 is generated by alkylating ester 6-2 with a reagent such as an alkyl 
halide, tosylate or mesylate with a suitable strong base such as NaHMDS, in a suitable solvent system such as DMF/ 
THF at a temperature of about -78°C. 

[01 1 2] Transformation of intermediate 6-4 to 6-5 can be achieved by removal of the protecting group Prt' as described 
above. Amine 6-5 can then be acetylated, such as with acetyl chloride in the presence of a tertiary amine base, pref- 
erably diisopropylethylamine, in an appropriate solvent like methylene chloride to give 6-7. Cyclization of a compound 
of Formula 6-6 occurs upon treating 6-6 with a strong base such as LHMDS at a suitable temperature, about -78 °C 
to 40 °C, to produce an intermediate of Formula 6-7. Treatment of 6-7 with a reagent like P 2 S 5 or with Lawesson's 
reagent in a solvent such as toluene at a suitable temperature, about 70 °C to reflux, can provide compounds of Formula 
6-8 (see T. Naito et al. Heterocycles 1996, 24, 2117). Alkylation of 6-8 to give 6-9 can be achieved by deprotonating 
6-8 with a base like sodium hydride or an alkali metal alkoxide like sodium methoxide followed by treatment with an 
alkylating agent such as an alkyl halide, mesylate ortosylate, for instance methyl iodide (R. Raap Can. J. Ghem. 1 968, 
46, 2255). The product, 6-9, may then be deprotected, as described above, to provide 6-10. One skilled in the art will 
recognize that R 2 substitution could have been introduced adjacent to the carbonyl of 6-1 0 by alkylating ketoamide 6-7. 
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SCHEME 7 
Prt Pit 




6-9 7-1 7-2 



[0113] Intermediates of Formula 7-1 may be prepared by heating 6-9, preferably when R is CH 3 , with a primary or 
secondary amine at about 70 °C to 120 °C (cf. M. Hojo et al. Synthesis 1990, 195). The product, 7-1 , may then be 
deprotected, as described above, to provide 7-2. One skilled in the art will recognize that R 2 substitution could have 
been introduced adjacent to the carbonyl of 7-2 by alkylating ketoamide 6-7. 



SCHEME 8 




6-9 8-1 8-2 



[0114] Intermediates of Formula 8-1 may be prepared by treating 6-9, preferably when R is CH 3 , with Raney-nickel 
in a suitable solvent like methanol (Monotsh. Chem. 1995, 126, 1367). The product, 8-1, may then be deprotected, as 
described above, to provide 8-2. One skilled in the art will recognize that R 2 substitution could have been introduced 
adjacent to the carbonyl of 8-2 by alkylating ketoamide 8-7. 
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SCHEME 9 




9-1 9-2 9-3 



[0115] Intermediates of Formula 9-2 can be generated by treating 6-5 with an alkynyl metal reagent, such as propynyl 
lithium, at a suitable temperature of about -100 °C to -50 °C, preferably -78 °C, to give, after quenching with a proton 
source such as methanol, intermediate 9-1 which can then cyclize under the reaction conditions. Amide 9-4, available 
from 6-1 , 6-2, or 6-3 using standard methodology, could also be treated with an alkynyl metal reagent to produce 9-2 
by way of 9-1 . Conjugate addition of an alkyl metal reagent, such as a cuprate, or the addition of an enolate, such as 
the alkali metal derivative of a ketonitrile (P. Patra et al. Tetrahedron Lett. 1977, 38, 3119), to 6-9 can also provide a 
route to 9-2. The product, 9-2, may then be deprotected, as described above, to provide 9-3. 



SCHEME 10 




[0116] Intermediates of Formula 10-1 may be prepared by heating 6-7 with a primary or secondary amine at about 
70 °C to 1 20 °C (cf . J. W. Patterson et al. J. Med. Chem, 1 992, 35, 507; Pharmazie 1 977, 32, 572). The product, 1 0-1 , 
may then be deprotected, as described above, to provide 1 0-2. One skilled in the art will recognize that Ft 2 substitution 
could have been introduced adjacent to the carbonyl of 1 0-2 by alkylating ketoamide 6-7. 
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SCHEME 1 1 




[0117] Intermediates of Formula 11-1 , where R = CH 3 , may be prepared by treating 6-7 with diazomethane or (tri- 
methylsilyl)diazomethane. Alternatively, deprotonation of 6-7 followed by treatment with the appropriate alkylating 
agent can give O-alkylation to produce 11-1 (R = alkyl). Treatment of 6-7 with an alcohol, ROH, in the presence of a 
suitable acid catalyst may also produce 11-1. The product, 11-1, may then be deprotected, as described above, to 
provide 11-2. One skilled in the art will recognize that R 2 substitution could have been introduced adjacent to the 
carbonyl of 11-2 by alkylating ketoamide 6-7. 



SCHEME 12 




12-3 12-4 



[0118] Aldehydes of Formula 12-1 can be prepared by reducing 6-5 with an agent like diisobutylaluminum hydride 
at a suitable temperature, preferably -78 °C to 0 °C in a suitable solvent, sgch as THF, methylene chloride, toluene or 
ether. Aldehyde 1 2-1 may then be olefinated with a reagent such as the anion generated upon treating atrialkylphospho- 
no acetate with an appropriate base, such as NaHMDS in a suitable solvent, such as THF. The olefin, if of the cis 
configuration, can directly cyclize to give 1 2-3. The trans olefin can react by conjugate addition of an amine or alkoxide, 
cyclization of the ^-substituted ester and then elimination of the amine or alkoxide, such as by heating with sodium 
methoxide in methanol at reflux, to also afford 12-3. The product, 12-3, may then be deprotected, as described above, 
to provide 12-4. 
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SCHEME 13 




[01 19] An alternate synthesis of 1 2-3 is shown above. Reduction of ketoamide 6-7 with a reducing agent such sodium 
borohydride, in an reaction inert solvent such as methanol at a suitable temperature such as 0°C affords alcohol 1 3-1 . 
The alcohol is reacted under standard elimination conditions well known to those skilled in the art to provide unsaturated 
lactam 12-2. Suitable elimination conditions include activating the alcohol, such as by converting it to the corresponding 
tosylate or mesylate, and then treating the activated alcohol with base at a suitable temperature, for instance with 
1 ,8-diazabicyclo[5.4.0]undec-7-ene in refluxing toluene, or by deprotonating the amide with a strong base such as 
LHMDS. The alcohol may also be eliminated at suitable temperatures in the presence of a strong base or strong acid. 
Those skilled in the art will recognize that these conditions may also cleave the protecting group (P). 





[0120] Intermediate enol ethers of Formula 14-2 can be prepared by treating 14-1 (R is an alkyl group, prepared as 
described in Carpino et. al, (WO 9724369) with a reagent, such as methoxymethyl triphenylphosphonium chloride (R' 
= Me) and a strong base, such as potassium tert-butoxide, in a suitable solvent such as THF. Hydrolysis of an enol 
ether of Formula 14-2 under acidic conditions produces an aldehyde of the Formula 14-3. Conversion of the aldehyde 
to the corresponding imine with a primary amine (R 2B NH 2 ) and concomitant loss of water, followed by isomerization 
to the corresponding enamime, for example with acid and heat, and cyclization affords 1 4-4. Deprotection of the nitrogen 
as described above affords 1 4-5. One skilled in the art will recognize that an R 1A substituent could have been introduced 
by alkylating the ketone 14-1 and/or aldehyde 14-3. 

General Experimental Procedures 

[0121] Silica gel was used for column chromatography. Melting points were taken on a Buchi 51 0 apparatus and are 
uncorrected. Proton and carbon NMR spectra were recorded on a Varian XL-300, UNITYPIus-400, Bruker AC-300, or 
Bruker AC-250 at 25 °C . Chemical shifts are expressed in parts per million downfield from trimethylsilane. Particle 
beam mass spectra (PBMS) were obtained on a Hewlett-Packard 5989A spectrometer using ammonia as the source 
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of chemical ionization. The protonated parent ion is reported as (M+H)+. For initial sample dissolution chloroform or 
methanol was employed. Atmospheric Pressure Chemical Ionization mass spectra (APcl MS) were obtained on a 
Platform II by Fisons (now called Micromass Inc.) instrument. They are either run via +APcl (basic method) or -APcl 
(acid method). The mobile phase is 50:50 H 2 0:acetonitrile. Either a protonated parent (+APcl) or deprotonated parent 
ion (-APcl) is observed (reported as (M+H)+ or (M-H)-). For initial sample dissolution, chloroform or methanol was 
employed. Thermospray mass spectra (TSMS) were obtained on a Trio-1000 by Fisions spectrometer using 0.1 M 
ammonium acetate in 1/4 water/methanol. The protonated parent ion is reported as (M+H) + . For initial sample disso- 
lution chloroform or methanol were employed. TLC analyses were performed using E. Merck Kieselgel 60 F254 silica 
plates visualized (after elution with the indicated solvent(s)) by UV, iodine or by staining with 1 5% ethanolic phospho- 
molybdic acid or eerie sulfate/ammonium molybdate and heating on a hot plate. The terms "concentrated" and "coe- 
vaporated" refer to removal of solvent at water aspirator pressure on a rotary evaporator with a bath temperature of 
less than 40°C. 

[0122] The following examples are provided for the purpose of further illustration only and are not intended to be 
limitations on the disclosed invention. 

[01 23] General Procedure A (Peptide coupling using PPAA). A0°C0.1-0.5M solution or suspension of the secondary 
amine or amine hydrochloride (about 1.0 equivalent) in EtOAc was treated sequentially with triethylamine (about 5 
equivalents), and then about 1.0-1.2 equivalents of the carboxylic acid coupling partner. After stirring about 20-30 
minutes, a 50% solution of PPAA in EtOAc (about 1 .2-1 .5 equivalents) was added dropwise and the mixture was stirred 
for about 2-1 8 hours in an ice bath (the ice bath was allowed to melt, thus the reaction mixture was typically held at 
about 0-20 °C for about 4-6 hours and about 20-25 °C for the remaining period). The mixture was diluted with ethyl 
acetate or other solvent as specified, and the resulting mixture washed times with saturated sodium bicarbonate (the 
aqueous phase being sometimes back-washed with ethyl acetate), once with brine, dried over Na2S0 4 or MgS0 4 , and 
concentrated giving the crude product which was purified as specified. 

[0124] General Procedure B. (Cleavage of a t-BOC-protected amine using concentrated HCI). The t-Boc amine was 
dissolved in a minimum volume of ethanol and the resulting solution was cooled to about 0°C and concentrated HCI 
(typically about 1 - 4 mL per mmol amine) was added and the reaction was warmed to room temperature and stirred 
for about 1 - 2.5 hours (the time required for complete disappearance of the starting material to a more polar product 
as judged by TLC). The resulting solution or suspension was concentrated, and the residue coevaporated several 
times with added ethanol to give the free amine which was used without further purification or purified as specified. 
[0125] General Procedure C. (Cleavage of a t-BOC-protected amine using TFA). Trif luoroacetic acid (usually at about 
0-25°C) was added to the t-Boc amine (typically about 1 0 mL per mmol amine) neat or dissolved in a minimum volume 
of dichloromethane and the resulting solution was stirred at about 0 °C or at room temperature for 0.25-2 hours (the 
time required for complete disappearance of the starting material to a more polar product as judged by TLC). The 
resulting solution or suspension was concentrated, and the residue coevaporated several times with added methylene 
chloride. The residue was then dissolved in ethyl acetate and washed twice with 1 N NaOH and once with brine. The 
organic phase was then dried over Na2S0 4 and evaporated to give the free amine which was used without further 
purification or purified as specified. 

[0126] General Procedure D. (Cleavage of a benzyl-protected amine using 1 0% palladium on carbon). The benzyl 
amine, ethanol (typically about 1 mL per every 0.03-0.08 mmol of amine), and 1 0% palladium on carbon (typically 
about 20-1 00% of the weight of the amine used) were combined and hydrogenated at about 40-50 psi hydrogen on a 
Parr® shaker overnight. The mixture was then filtered through a bed of Celite®. The Celite® was washed with ethanol, 
and the filtrate was concentrated in vacuo to give the de-benzylated amine which was used without further purification 
or purified as specified. 

[01 27] General Procedure E. (Cleavage of a CBZ-protected amine using 1 0% palladium on carbon) The CBZ amine, 
ethanol (typically about 1 mL per every 0.03-0.08 mmol of amine), and 10% palladium on carbon (typically about 
20-1 00% of the weight of the amine used) were combined and hydrogenated at about 40-50 psi hydrogen on a Parr® 
shaker overnight. The mixture was then filtered through a bed of Celite®. The Celite® was washed with ethanol, and 
the filtrate was concentrated in vacuo to give the de-benzylated amine which was used without further purification or 
purified as specified. 
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Example 1 



2-Amino-N-{1(R)-benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-6-methylsulfanyl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo 
[1,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 



A. 2-(4-Fluoro-benzyl)-piperazine-1 ,2,4-tricarboxylic acid 1 -benzyl ester 4-tert-butyl ester 2-methyl ester 

[0129] To a stirred solution of piperazine-1 ,2,4-tricarboxylic acid 1 -benzyl ester 4-tert-butyl ester2-methyl ester (1 0.5 
g, 27.8 mmol), prepared as described by Bigge et al. (Tetrahedron Let. 1989, 30, 5193), in tetrahydrofuran (200 mL) 
under a nitrogen atmosphere was added N,N-dimethylformamide (30 mL). The reaction was cooled to about -78 °C, 
and a 0.5 M solution of potassium bis(trimethylsilyl)amide in toluene (83 mL, 42 mmol) was added. The reaction was 
stirred at about -78 °C for about 1 hour, and then 4-fluorobenzyl bromide (5.2 mL, 42 mmol) was added. The reaction 
was stirred for about 1 hour more at about -78 °C, then warmed to room temperature and stirred overnight. The reaction 
was quenched with saturated sodium bicarbonate solution , and the mixtu re was extracted three times with ethyl acetate. 
The combined organic layers were extracted twice with water, brine, dried over anhydrous magnesium sulfate, filtered 
and concentrated in vacuo to give the crude product as a yellow oil. Purification by silica gel chromatography using 
0-20% ethyl acetate/hexanes as eluent afforded the title compound of part 1 -A (8.54 g, 63%) as a colorless oil: +APcl 
MS (M-Boc+H)+ 387; 1 H NMR = 400 MHz (CDCL 3 ) 8: 7.45-7.30 (arom, brs, 5H), 7.00-6.80 (arom, br m, 4H), 5.35-5.05 
(brm, 2H), 2.53 (brt, 1 H), 1.40 (Boc, s, 9H). 

B. 3-(4-Fluoro-benzyl)-piperazine-1 ,3-dicarboxylic acid 1 -tert-butvl ester 3-methyl ester 

[0130] According to General Procedure E, the title compound of part 1 -A (0.249 g, 0.72 mmol) was deprotected to 
give the title compound of parti -B (0.230 g, 91%); +APcl MS (M+H) + 353, (M-*Bu+H) + 297, (M-Boc+H) + 253; 1 H NMR 
= 400 MHz (CDCI 3 ) 6: 7.08-6.90 (arom, m, 4H), 3.62 (Me, s, 3H), 1 .41 (Boc, s, 9H). 

C. 4-Acetyl-3-(4-fluoro-benzyl)-piperazine-1 ,3-dicarboxylic acid 1-tert-butyl ester 3-methyl ester 

[0131] To a stirred solution of the title compound of part 1 -B (5.0 g, 14 mmol) and diisopropylethylamine (9.9 mL, 57 
mmol) in dichloromethane (100 mL) under a nitrogen atmosphere was added acetyl chloride (2.0 mL, 28 mmol). The 
reaction was stirred for about 1 5 hours, then quenched with saturated aqueous NaHC0 3 . Additional methylene chloride 
was added and the mixture was washed twice with saturated NaHC0 3 , then brine, dried over anhydrous magnesium 
sulfate, filtered and concentrated in vacuo to give the crude title compound of part 1 -C (5.6 g, quantitative): +APcl MS 
(M-*Bu+H) + 339, (M-Boc+H)+ 295; 1H NMR = 400 MHz (CDCI 3 ) 6: 7.10-7.69 (arom., m, 4H), 3.70 (MeO, d, 3H), 2.10 
(MeCO, d, 3H), 1.42 (BOC, d, 9H). 

D. 8a-(4-Fluoro-benzyl)-6,8-dioxo-hexahydro-pyrrolo[1 ,2-a]pyrazine-2-carboxylic acid tert-butvl ester 

[0132] To a stirred solution of the title compound of part 1-C (5.6 g, 0.22 mmol) in anhydrous tetrahydrofuran (50 



[0128] 
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mL) cooled to about -78 °C under nitrogen atmosphere was added a 1 M solution of lithium bis(trimethylsilyl)amide in 
tetrahydrofuran (42.6 mL, 42.6 mmol) dropwise. The reaction was stirred at -78 °C for 1 hour, then the reaction was 
quenched with methanol and concentrated in vacuo. Ethyl acetate was added, and the mixture was extracted with 
saturated sodium bicarbonate solution, brine, dried over anhydrous magnesium sulfate, filtered and concentrated in 

5 vacuo to give crude product. Purification by silica gel chromatography using 50% ethyl acetate/hexanes as eluent 
yielded the title compound of part 1 -D (3.4 g, 66%): -APcl MS (M-H)" 361 ; 1 H NMR = 400 MHz (CDCI 3 ) 5: 6.94 (arom., 
d, 4H), 4.35 (dd, 1H), 2.66 (CHHPh, d, 1H), 2.01 (CHHPh, d, 1H), 1 .47 (BOC, s, 9H). 

E. Ba-(4-Fluoro-benzyl)-8-oxo-6-thioxo-hexahydro-pyrrolo[1 ,2-a]pyrazine-2-carboxylic acid tert-butyl ester 

10 

[0133] To a stirred solution of the title compound of part 1 -D (1 .0 g, 2.8 mmol) in toluene (20 mL) under a nitrogen 
atmosphere was added Lawesson's reagent (0.57 g, 1 .4 mmol). The reaction was heated 1 hour at 1 00 °C, cooled, 
diluted with ethyl acetate and washed with brine (3x), dried over anhydrous magnesium sulfate, and then concentrated 
in vacuo. Purification by silica gel chromatography using 0-30% ethyl acetate/hexanes as eluent yielded the title corn- 
's pound of part 1 -E (0.55 g, 52%) as a colorless solid: -APcl MS (M-H)" 377; 1 H NMR = 400 MHz (CDCI 3 ) 6: 6.99-6.90 
(arom, m, 4H), 5.21 (dd, 1h), 3.24 (CHHPh, d, 1H), 2.50 (CHHPh, d, 1H), 1.50 (BOC, s, 9H). 

F. 8a-(4-Fluoro-benzyl)-6-methylsulfanyl-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazine-2-carboxylic acid tert- 
butyl ester 

20 

[01 34] To a stirred solution of the title compound of part 1 -E (0.55 g, 1 .4 mmol) in methanol (5 mL) under a nitrogen 
atmosphere was added, dropwise, a solution of sodium methoxide (93 mg, 1 .7 mmol) in methanol (1 0 mL), followed 
by the dropwise addition of methyl iodide (0. 1 3 mL, 2.0 mmol). After stirring about 1 6 hours the reaction was concen- 
trated in vacuo, redissolved in methylene chloride, washed with saturated aqueous sodium bicarbonate, dried over 

6 anhydrous magnesium sulfate, and then concentrated in vacuo to give the title compound of part 1 -F (0.56 g , 98%) as 
a colorless solid: +APcl MS (M+H) + 393; 1 H NMR = 400 MHz (CDCI 3 ) 8: 7.08-7.00 (arom, m, 2H), 6.89-6.B1 (arom, m, 
2H), 5.02 (s, 1H), 3.73 (dd, 1H), 3.19 (CHHPh, d, 1H), 3.03 (CHHPh, d, 1H), 2.37 (CH3S, s, 3H), 1.49 (BOC, s, 9H). 

G. 8a-(4-Fluoro-benzyl)-6-methylsulfanyl-1 ,3,4,8a-tetrahydro-2H-pyrrolo[1 ,2-a]pyrazin-8-one, hydrochloride 

30 

[0135] The title compound of part 1-F (50 mg, 0.13 mmol) was deprotected according to the method described in 
General Procedure B to give the title compound of part 1-G (37 mg, quantitative): +APcl MS (M+H) + 293; 1 H NMR = 
400 MHz (methanol-d 4 ) 8: 7.15-6.88 (arom., series of m, 4H), 4.14 (br d, 1 H), 3.46 (d, 1 H), 2.44 (CH3S, s, 3H). 

3s H. (1 -{1 (R)-Benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-6-methylsulfanyl-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a] 
pyrazin-2-yl]-2-oxo-ethylcarbarmoyl}-1 -methyl-ethyQ-carbamic acid tert-butyl ester 

[0136] According to General Procedure A, the title compound of part 1 -G (37 mg, 0.1 3 mmol) was coupled to 3(R)- 
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionyl-amino)-propionicacid (58 mg, 0.15 mmol), prepared ac- 

40 cording to the method of Carpino et al. (WO 97/24369), and the product was purified by silica gel chromatography 
using 1 :1 :0 to 1 :0;0 to 97:0:3 ethyl acetate/hexanes/methanol as eluent to give a 2:1 mixture of the desired isomer of 
the title compound of part 1-H and the less polar diastereomer (5 mg, 6%), fractions which contained a nearly 1:1 
mixture of the two diastereomers, followed by the 3:1 mixture of the more polar diastereomer and 1 -H (1 4 mg, 1 7%). 
1 -H: +APcl MS (M+H)+ 655; 1 H NMR = 400 MHz (CDCI 3 ) 8 : 7.35-6.65 (arom., series of m, 9H), 4.47 (PhCh^O, ABq, 

45 2H), 2.61 (d, 1 H), 2.39 (CH3S, s, 3H). For isomer: 1 H NMR = 400 MHz (CDCI3) 8; 7.35-6.65 (arom., series of m, 9H), 
4.58 (PhCHHO, d, 1H), 4.48 (PhCHHO, d, 1H), 2.53 (d, 1H), 2.34 (CH3S, s, 3H). 

I. 2-Amino-N-{1(R)-benzyloxymethyl-2-C8a(S)-4-fluoro-benzyl)-6-methylsulfanyl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrroio 
[1,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 

so 

[0137] The title compound of part 1-H (5 mg, 0.008 mmol) was deprotected according to the method described in 
General Procedure B, and the product was triturated with ethyl ether to give a 2:1 mixture of the title compound of 
Example 1 and the 8a(R) diastereomer (4 mg, 80%). Title compound of Example 1 : +APcl MS (M+H)+ 555; 1 H NMR 
= 400 MHz (methanol-d 4 ) 8: 7.40-6.87 (arom., series of m, 9H), 5.13 (t, 1 H), 4.53 (s, 2H), 2.44 (s, 3H), 1 .63-1 .50 (Me, 
55 m, 6H). 
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Example 2 



2-Amino-N-{1(R)-benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-8-oxo-6-py^ 
[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 



A. 8a-(4-Fluoro-benzyl)-8-oxo-6-pyrrolidin-1-yl-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazine-2-carboxylic acid tert- 
butyl ester 

[0139] A stirred solution of the title compound of part 1 -F (0.15 g, 0.38 mmol) in pyrollidlne (0.63 mL) under nitrogen 
was heated to 1 00 °C. After stirring about 1 6 hours the reaction was cooled, concentrated in vacuo, redissolved in 
ethyl acetate, washed with saturated aqueous sodium bicarbonate and then brine, dried over anhydrous magnesium 
sulfate, and then concentrated in vacuo to give the title compound of part 2-A (0.1 4 g, 90%): +APcl MS (M+H) + 41 6; 1 H 
NMR = 400 MHz (CDCI 3 ) 8: 7.09 (arom, m, 2H), 6.83 (arom, m, 2H), 4.43 (m, 1H), 2.98 (brt, 1 H), 1.93 (brs, 1 H), 
1 .63 (br s, 1 H), 1 .46 (BOC, s, 9H). 

B. 8a-(4-Fluoro-benzyl)-6-pyrrolidin-1 -yl-1 ,3,4,8a-tetrahydro-2H-pyrrolo[1 ,2-a]pyrazin-8-one, hydrochloride 

[0140] The title compound of part 2-A (140 mg, 0.34 mmol) was deprotected according to the method described in 
General Procedure B to give the title compound of part 2-B (141 mg, quantitative): +APcl MS (M+H)+ 31 6; 1 H NMR = 
400 MHz (methanol-d 4 ) 8: 7.21 (arom., dd, 2H), 7.01 (arom., t, 2H), 4.66 (dd, 1 H), 3.87 (d, 1 H), 3.38 (d, 1 H), 3.1 6 (d, 1 H). 

C. (1 -{1 (R)-Benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-8-oxo-6-pyrrolidin-1 -yl-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a] 
pyrazin-2-yl]-2-oxo-ethylcarbamoyl}-1-methyl-ethyl)-carfaamic acid tert-butyl ester 

[0141] According to General Procedure A, the title compound of part 2-B (35 mg, 0.11 mmol) was coupled to 3(R)- 
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionyl-amino)-propionic acid (50 mg, 0.13 mmol) and the prod- 
uct was purified by silica gel chromatography using 0-5-1 0% methanol/ethyl acetate as eluentto give the desired isomer 
of the title compound of part 2-C (8 mg, 1 1 %), followed by the more polar diastereomer (1 0 mg, 1 4%). 2-C: +APcl MS 
(M+H) + 678; 1 H NMR = 400 MHz (CDCy 8 : 7.40-6.70 (arom., series of m, 9H), 4.47 (PhCHgO, ABq, 2H), 1 .96 (br s, 
2H), 1 .41 (CH 3 , m, 6H), 1 .32 (BOC, s, 9H). For isomer: 1 H NMR = 400 MHz (CDCI 3 ) 8: 7.38-6.70 (arom., series of m, 
9H), 4.61 (PhCHHO, d, 1H), 4.50 (PhCHHO, d, 1H), 1.94 (brs, 2H), 1.44 (CH 3 , m, 6H), 1 .39 (BOC, s, 9H). 

D. 2-Amino-N-{1 (R)-benzyloxymethyl-2-[8a(S)-(4-f luoro-benzyl)-8-oxo-6-pyrrolidin-1 -yl-3,4,8,8a-tetrahydro-1 H- 
pyrrolo[1,2-a]pyrazin-2-yl)-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 

[0142] The title compound of part 2-C (5 mg, 0.008 mmol) was deprotected according to the method described in 
General Procedure B, and the product was triturated with ethyl ether to give the title compound of Example 2 (4.6 mg, 
98%) as a solid: +APcl MS (M+H)+ 578; 1 H NMR = 400 MHz (methanol-d 4 ) 8: 7.40-6.93 (arom., series of m, 9H), 5.15 
(m, 1H), 4.55 (s, 2H), 4.38 (d, 1H), 2.99 (d, 1H), 1.59 (CH 3 , m, 6H). 



[0138] 
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Example 3 



2-Amino-N-{1(R)-benzvloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin- 
2-yl1-2-oxo-ethyl)-2-methyl-propionamide, hydrochloride 



A. 8a-(4-Ruoro-benzyl)-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazine-2-carboxylic acid tert-butyl ester 

[0144] To a stirred solution of the title compound of part 1-F (450 mg, 1 .15 mmol) in ethanol (10 mL) was added 
Raney Nickel (1 ,5 g, 50% slurry in water) in several portions. After stirring about 2.5 days the reaction was filtered, 
concentrated in vacuo, redissolved in ethyl acetate, washed with brine, dried over anhydrous magnesium sulfate, and 
then concentrated in vacuo to give the title compound of part 3-A (0.35 g, 88%): +APcl MS (M+H)+ 347; 1 H NMR = 
400 MHz (CDCI 3 ) 8: 7.60 (COCH=CH, d, 1H), 7.03 (arom, dd, 2H), 6.83 (arom, t, 2H), 4.99 (COCH=CH, d, 1 H), 3.22 
(d, 1 H), 3.00 (d, 1 H), 1 .49 (BOC, S, 9H). 

B. 8a-(4-Fluoro-benzyl)-1 ,3,4,8a-tetrahydro-2H-pyrrolo[1 ,2-alpyrazin,B-one, hydrochloride 

[0145] The title compound of part 3-A (0.32 g, 0.92 mmol) was deprotected according to the method described in 
General Procedure B to give the title compound of part 3-B (0.30 g, quantitative): +APcl MS (M+H) + 247; 1 H NMR = 
400 MHz (methanoky 5: 8.11 (COCH=CH, brs, 1H), 7.14 (arom, m, 2H), 6.92 (arom, m, 2H), 4.12 (dd, 1H), 3.05 (d, 
1H). 

C. (1 -{1 (R)-Benzyloxymethyl-2-f8a(S)-(4-fluoro-benzyl)-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]- 
2-oxo-ethylcarbamoyl}-1-methyl-ethyl)-carbamic acid tert-butyl ester 

[0146] According to General Procedure A, the title compound of part 2-B (25 mg, 0.1 0 mmol) was coupled to 3(R)- 
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionyl-amino) propionic acid (48 mg, 0.15 mmol) and the prod- 
uct was purified by silica gel chromatography using 50-25-0% hexanes/ethyl acetate as eluent to give the desired 
isomer of the title compound of part 2-C (3.5 mg, 6%), followed by the more polar diastereomer (7 mg, 12%). 3-C: 
+APcl MS (M+H)+ 609; 1H NMR = 400 MHz (CDCI 3 ) 8 : 7.57 (COCH=CH, d, 1 H), 7.43-6.75 (arom., series of m, 9H), 
5.01 (COCH=CH, br s, 1 H), 4.46 (PhCHHO, ABq, 2H), 3.17 (d, 1 H), 2.50 (d, 1 H), 1 .46 (CH 3 , s, 6H), 1 .35 (BOC, s, 9H). 
For isomer: 1 H NMR = 400 MHz (CDCI 3 ) 6: 7.52 (COCH=CH, d, 1H), 7.35-6.68 (arom., series of m, 9H), 4.94 
(COCH=CH, d, 1 H), 4.60 (PhCHHO, d, 1 H), 4.51 (PhCHHO, d, 1 H), 3.13 (d, 1 H), 2.41 (d, 1 H), 1 .44 (CH 3 , s, 3H), 1 .43 
(CH 3 , s, 3H), 1 .39 (BOC, s, 9H). 

D. 2-Amino-N-{1 (R)-benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin- 
2-yl]-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 

[0147] The title compound of part 3-C (8.5 mg, 0.014 mmol) was deprotected according to the method described in 
General Procedure B, and the product was triturated with ethyl ether to give the title compound of Example 3 (6.0 mg, 
84%) as a solid: +APcl MS (M+H) + 509; 1 H NMR = 400 MHz (methanol-d 4 ) 8: 8.49 (NH, d, 1 H), 8.27 (COCH=CH, s, 
1H), 7.38-6.82 (arom., series of m, 9H), 5.13 (m, 1H), 4.55 (PhCHjO, s, 2H), 4.43 (brd, 1H), 2.66 (d, 1H), 1 .61 (CH 3 , 
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s, 3H), 1.60 (CH 3 , S, 3H). 
Example 4 

s 2-Amino-N-[2-(8a(S)-benzyl-6-methyl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo[1,2-a]pyrazin-2-yl)-1 (R)- 
benzyloxymethyl-2-oxo-ethyl]-2-methyl-propionamlcle, hydrochloride 

[0148] 



15 




25 

A. 2-Benzyl-piperazine-1 ,2,4-tricarboxylic acid 1 -benzyl ester 4-tert-butyl ester 2-methyl ester 

[0149] To a stirred solution of piperazine-1 ,2,4-tricarboxylic acid 1 -benzyl ester 4-tert-butyl ester 2-methyl ester (20.0 
g, 53 mmol) in tetrahydrofuran (500 mL) under nitrogen was added N.N-dimethylformamide (50 mL). The reaction was 

30 cooled to about -78 °C, and a 1M solution of sodium bis(trimethylsilyl)amide in tetrahydrofuran (80 mL) was added. 
The reaction was stirred at about -78 °C for about 1 hour, and then benzyl bromide (9.4 mL, 79 mmol) was added. The 
reaction was stirred for about 30 minutes more at about -78 °C, then warmed to room temperature and stirred overnight. 
The reaction was quenched with saturated sodium bicarbonate solution, and the mixture was extracted three times 
with ethyl acetate. The combined organic layers were extracted twice with water, brine, dried over anhydrous magne- 

35 sium sulfate, filtered and concentrated jn vacuo to give 31 g of crude product. Purification by silica gel chromatography 
using 10-20% ethyl acetate/hexanes as eluent afforded the title compound of part 4-A (20.3 g, 82%): +APcl MS (M- 
tBu+H) + 413, (M - Boc+H) + 369; 1 H NMR = 400 MHz (CDCI 3 ) 8: 7.37 (arom, m, 5H), 7.22 (arom, m, 3H), 7.00 (arom, 
m, 2H), 1 .41 (BOC, d, 9H). 

40 B. 3-Benzyl-piperazine-1 ,3-dicarboxylic acid 1-tert-butyl ester 3-methyl ester 

[0150] According to General Procedure E, the title compound of part 4-A (2.8 g, 6.0 mmol) was deprotected to give 
the title compound of part 4-B (1 .89 g, 95%) as a colorless foam: +APcl MS (M+H) + 335; 1 H NMR = 400 MHz (CDCI 3 ) 
8: 7.28-7.18 (arom, m, 5H), 3.66 (Me, s, 3H), 1.40 (Boc, s, 9H). 

45 

C. 8a-Benzyl-6-methyl-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-alpyrazine-2-carboxylic acid tert-butyl ester 

[0151] To a stirred -78 °C solution of the title compound of part 4-B (1 .98 g, 5.93 mmol) in THF (8 mL) under a nitrogen 
atmosphere was added a 0.25 M solution of propynyl lithium in 1 :1 THF/HMPA (23.7 mL), dropwise. After stirring about 
so 1 .5 hours the reaction was quenched with saturated aqueous ammonium chloride and the THF was removed in vacuo. 
The remaining aqueous mixture was then extracted with ethyl acetate, dried over anhydrous magnesium sulfate, and 
concentrated in vacuo. Purification by silica gel chromatography using30-70% ethyl acetate/hexanes as eluent afforded 
the title compound of part 4-C (1 .0 g, 50%): +APcl MS (M+H)+ 343; 1 H NMR = 400 MHz (CDCI 3 ) 8: 7.18-7.02 (arom., 
series of m, 5H), 4.87 (COCH=C, d, 1H), 3.22 (d, 1H), 3.01 (d, 1H), 1.92 (Me, s, 3H), 1.48 (BOC, s, 9H). 

55 

D. 8a-Benzyl-6-methyl-1 ,3,4,8a-tetrahydro-2H-pyrrolo[1 ,2-a]pyrazin-B-one, hydrochloride 

[0152] The title compound of part 4-C (0.30 g, 0.88 mmol) was deprotected according to the method described in 
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General Procedure B to give the title compound of part 4-D (0.21 g, 86%): +APcl MS (M+H)+ 243; 1 H NMR = 400 MHz 
(methanol-d 4 ) 8: 7.23-7.08 (arom, series of m, 5H), 3.25-3.1 0 (m, 3H), 2.19 (Me, s, 3H). 

E. {1 -[2-(8a(S)-Benzyl-6-methyl-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-1 (R)-benzyloxymethyl- 
2-oxo-ethylcarbamoyl]-1-methyl-ethyl}-carbamic acid tert-butyl ester 

[0153] According to General Procedure A, the title compound of part 4-D (21 0 mg, 0.88 mmol) was coupled to 3(R)- 
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionylamino)-propionic acid (502 mg, 1 .32 mmol) and the prod- 
uct was purified by silica gel chromatography using 7:3:0 to 0:1 :0 to 0:95:5 hexanes/ethyl acetate/methanol as eluent 
to give the desired isomer of the title compound of part 4-E (53 mg, 9%), then fractions which contained mixture of the 
two diastereomers, followed by the more polar diastereomer (102 mg, 17%). 4-E: +APcl MS (M+H)+ 605; 1H NMR = 
400 MHz (CDCI 3 ) 8 : 7.35-7.00 (arom., series of m, 1 0H), 5.1 8 (m, 1 H), 4.96 (s, 1 H), 4.86 (s, 1 H), 4.44 (PhCHgO, ABq, 
2H), 3.14 (d, 1 H), 2.52 (d, 1 H), 1 .88 (Me, s, 3H), 1 .44 (Me, s, 3H), 1 .43 (Me, s, 3H), 1 .33 (BOC, s, 9H). For isomer: 1 H 
NMR = 400 MHz (CDCI 3 ) 8: 7.35-6.77 (arom., series of m, 10H), 5.21 (br m, 1H), 3.13 (m, 1H), 2.45 (m, 1H), 1.41 
(CH 3 , m, 6H), 1.36 (BOC, m, 9H). 

F. 2-Amino-N-[2-(8a(S)-benzyl-6-methyl-8-oxo-3,4,B,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-1 (R)- 
benzyloxymethyl-2-oxo-ethyll-2-methyl-propionamide, hydrochloride 

[0154] The title compound of part 4-E (27 mg, 0.044 mmol) was deprotected according to the method described in 
General Procedure B, and the product was triturated with ethyl ether to give the title compound of Example 4 (25 mg, 
quantitative) as a colorless solid: +APcl MS (M+H)+ 505; 1 H NMR = 400 MHz (methanol-d 4 ) 8: 8.52 (NH, d, 1 H), 
7.40-7.08 (arom., series of m, 10H), 5.17 (m, 1H), 4.55 (PhCHaO, s, 2H), 3.09 (d, 1H), 2.75 (d, 1H), 2.19 (Me, s, 3H), 
1 .60 (CH 3 , s, 3H), 1 .59 (CH 3 , s, 3H). 



2-Amino-N-[1 (R)-benzyloxymethvl-2-(8-methoxy-6-oxo-8a(R,S)-pyridin-2-ylmethyl-3,4,6,8a-tetrahydro-1 H-pyrrolo 
[1 ,2-a]pyrazin-2-yl)-2-Qxo-ethyl]-2-methyl-propionamide, hydrochloride 



A. 2-Pyridin-2-ylmethyl-piperazine-1 ,2,4-tricarboxylic acid 1 -benzyl ester 4-tert-butyl ester 2-methyl ester 

[0156] A stirred solution of piperazine-1 ,2,4-tricarboxylic acid 1 -benzyl ester 4-tert-butyl ester 2-methyl ester (200 g, 
529 mol) in tetrahydrofuran (200 mL) and DMF (1 .5 L) was cooled to -78 °C under a nitrogen atmosphere, and a 0.5 
M solution of potassium bis(trimethylsilyl)amide in THF (1 .27 L) was added. After the above solution had stirred about 
one hour, the free base of 2-picolyl chloride was generated by extracting the corresponding hydrochloride salt (21 7 g, 
1 .32 mol) from saturated sodium bicarbonate solution with methylene chloride. The combined organic extracts were 
dried (MgS0 4 ), concentrated, immediately dissolved in DMF (100 mL), and then added dropwise to the enolate con- 
taining solution. The reaction was stirred for about 4 hours at -78 °C, then slowly warmed to room temperature and 



Example 5 
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stirred overnight. The toluene and THF were removed under reduced pressure. The residue was extracted from water 
(1 .5 L) with ethyl acetate (3 X 1 L), the combined extracts were then washed with water (1 .5 L), dried (MgS0 4 ) and 
then concentrated in vacuo to give 240 g of crude title compound of part 5-A which carried on to the next step: +APcl 
MS (M+H)+ 470; 1 H NMR = 400 MHz (methanol-£/ 4 ) 5 8.4 (arom, m, 1 H), 7.65-7.2 (arom, m, 7H), 6.94 (arom, m, 1 H), 
5.18 (CbzNCHH, m, 1H), 5.05 (CbzNCHH, m, 1 H), 2.54 (m, 1H), 1.41 (Boc, s, 9H). 

B. 3-Pyridin-2-ylmethyl-piperazine-1 ,3-dicarboxylic acid 1 -tert-butyl ester 3-methyl ester 

[0157] The crude title compound of part 5-A (240 g) in methanol (1 L), and 1 0% palladium on carbon (1 0 g, added 
in 1 00 mL water) were combined and hydrogenated at 40-50 psi hydrogen on a Parr® shaker for about 2 days. The 
mixture was then filtered through a bed of diatomaceous earth. The diatomaceous earth was washed with ethanol, 
and the filtrate was concentrated in vacuo to give the de-benzylated amine. Two of the above alkylation/reductions 
were combined and purified by silica gel chromatography using 1 : 1 ethyl acetate/hexanes to ethyl acetate to 1 ;9 meth- 
anol/ethyl acetate as eluent afforded the title compound of part 5-B (217 g, 61 %): +APcl (M+H)+ 336; 'H NMR = 400 
MHz (methanol-tt,) 6 8.45 (arom, d, 1 H), 7.72 (arom, t, 1 H), 7.26-7.11 (arom, m, 2H), 4.38 (brs, 1 H), 3.57 (MeO, s, 
3H), 1 .42 (Boc, s, 9H). 

C. 4-Acetyl-3-pyridin-2-ylmethyl-piperazine-1 ,3-dicarboxylic acid 1 -tert-butyl ester 3-methyl ester 

[0158] To a stirred solution of the title compound of part 5-B (1 .2 g, 3.6 mmol) and diisopropylethylamine (2.5 mL, 
14 mmol) in dichloromethane (20 mL) under a nitrogen atmosphere was added acetyl chloride (0.64 mL, 9.0 mmol). 
The reaction was stirred for about 15 hours, then quenched with saturated aqueous NaHC0 3 . Additional methylene 
chloride was added and the mixture was washed twice with saturated NaHC0 3 , then brine, dried over anhydrous 
magnesium sulfate, filtered and concentrated in vacuo to give the crude product the title compound of part 5-C (1 .2 g, 
89%); +APcl MS (M+H) + 378; 1 H NMR = 400 MHz (CDCI 3 ) 8: 8.48 (arom., s, 1H), 7.54 (arom., m, 1 H), 7.13 (arom., 
m, 2H), 3.69 (MeO, d, 3H), 3.08 (t, 1 H), 1.93 (MeCO, d, 3H), 1.42 (BOC, d, 9H). 

D. 6,8-Dioxo-8a-pyridin-2-ylmethyl-hexahydro-pyrrolo[1 ,2-a]pyrazine-2-carboxylic acid tert-butyl ester 

[0159] To a stirred solution of the title compound of part 5-C (2.2 g, 5.8 mmol) in anhydrous tetrahydrofuran (20 mL) 
cooled to about -78 °C under nitrogen atmosphere was added a 1 M solution of lithium bis(trimethylsilyl)amide in 
tetrahydrofuran (1 7.5 mL, 1 7.5 mmol), dropwise. The reaction was stirred at -78 °C for about 1 hour, then the reaction 
was quenched with methanol and concentrated in vacuo. Ethyl acetate was added, and the mixture was extracted with 
saturated sodium bicarbonate solution, brine, dried over anhydrous magnesium sulfate, filtered and concentrated jn 
vacuo to give the title compound of part 5-D (1 .9 g, 95%): -APcl MS (M-H)- 344; 1 H NMR = 400 MHz (CDCI 3 ) 8: 8.40 
(arom., d, 1H), 7.57 (arom., t, 1 H), 7.11 (arom., t, 1H), 7.06 (arom., d, 1H), 3.25 (CHHPh, d, 1H), 2.92 (CHHPh, d, 1 H), 
1.50 (BOC, s, 9H). 

E. 8-Methoxy-6-oxo-8a-pyridin-2-ylmethyl-3,4,6,8a-tetrahydro-1 H-pyrrolo(1 ,2-a]pyrazine-2-carboxylic acid tert-butyl 
ester 

[0160] To a stirred suspension of the title compound of part 5-D (200 mg, 0.58 mmol) in anhydrous ether (2 mL) 
cooled to about 0 °C under nitrogen atmosphere was added a 1 M solution of (trimethylsilyl)diazomethane in hexanes 
(1 .74 mL, 1 .74 mmol), dropwise. After about 1 hour, then the reaction was diluted with ethyl acetate the mixture was 
washed with saturated sodium bicarbonate solution, brine, dried over anhydrous magnesium sulfate, filtered and con- 
centrated in vacuo. Purification by silica gel chromatography using 0-1 0% methanol/ethyl acetate as eluent afforded 
the title compound of part 5-E (76 mg, 36%): +APcl MS (M+H)+ 360; 1 H NMR = 400 MHz (CDCI 3 ) S: 8.42 (arom., d, 1 
H), 7.50 (arom., t, 1H), 7.08 (arom., t, 1H), 6.89 (arom., d, 1H), 4.84 (COCH=C, s, 1H), 3.79 (CH^O, d, 1H), 3.34 (d, 
1H), 1.49 (BOC, s, 9H). 

F. 8-Methoxy-8a-pyridin-2-ylmethyl-1 ,3,4,8a-t6trahydro-2H-pvrrolori ,2-alpyrazin-6-one, hydrochloride 

[0161] The title compound of part 5-E (76 mg, 0.21 mmol) was deprotected according to the method described in 
General Procedure B to give the title compound of part 5-F (60 mg, quantitative): +APcl MS (M+H)+ 260; 1 H NMR = 
400 MHz (methanol-d^ 8: 8.79 (arom., d, 1H), 8.57 (arom., t, 1H), 8.02 (arom., t, 1H), 7.82 (arom., d, 1H), 5.09 
(COCH=C, s,1 H), 4.43 (dd,1 H), 3.84 (CH3O, d, 1 H), 2.98 (td, 1 H). 
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G. {1 -[1 (R)-Benzyloxymethyl-2-(8-methoxy-6-oxo-8a(R,S)-pyridin-2-ylmetliyl-3,4,6,8a-tetrahyclro-1 H-pyrrolo[1 ,2-a] 
pyrazin-2-yl)-2-oxo-ethylcarbamoyl)-1 -methyl-ethyl)-carbamic acid tert-butyl ester 

[0162] According to General Procedure A, the title compound of part 5-F (60 mg, 0.88 mmol) was coupled to 3(R)- 
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionyl-amino)-propionic acid (132 mg, 0.35 mmol) and the 
product was purified by silica gel chromatography using 0-5% methanol/ethyl acetate as eluent to give the title com- 
pound of part 5-G (91 mg, 63%) as a 1 :1 mixture of diastereomers: +APcl MS (M+H)+ 622; 1 H NMR = 400 MHz (CDCI 3 ) 
8 : 8.35 (arom., d, 1H), 7.50-6.50 (arom., series of m, 8H), 5.21 (m, 1H), 4.55 (s, 0.5H), 4.46 (PhCHgO, ABq, 1H), 
3.80-3.73 (CHgO, m, 3H). 

H. 2-Amino-N-[1(R)-benzyloxymethyl-2-(8-methoxy-6-oxo-8a(R,S)-pyridin-2-ylmethyl-3,4,6,8a-tetrahydro-1H-pyrrolo 
[1 ,2-a]pyrazin-2-yl)-2-oxo-ethyl]-2-methyl-propionamide, hydrochloride 

[0163] The title compound of part 5-G (91 mg, 0.1 5 mmol) was deprotected according to the method described in 
General Procedure B, and the product was triturated with ethyl ether to give the title compound of Example 5 (62 mg, 
81 %) as a colorless solid: +APcl MS (M+H)+ 522; 1H NMR = 400 MHz (methanol-d^ 8: 8.80-7.1 0 (arom., series of m, 
9H), 3.80 (CHgO, s, 1 .5H), 3.72 (CHgO, s, 1 .5H), 2.B4 (d, 0.5H), 2.78 (d, 0.5H), 1 .58 (CHgO, m, 6H). 



2-Amino-N-{1(R)-benzyloxymethvl-2-[8a(S)-(4-fluoro-benzyl)-6-oxo-8-pyrrolidin-1-yl-3,4,6,8a-tetrahydro-1H-pyrrolo 
[1,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 



[0165] A solution of the title compound of part 1 -D (50 mg, 0.14 mmol) in pyrolidine (0.23 mL) was heated to 1 20 °C. 
After about 3 days the reaction, which had turned red, was cooled, diluted with ethyl acetate and washed with saturated 
aqueous sodium bicarbonate and brine, dried over anhydrous magnesium sulfate, and then concentrated in vacuo to 
give the title compound of part 6-A (48 mg, 83%) as a colorless solid: +APcl MS (M+H)+ 416; 1 H NMR = 400 MHz 
(CDCIg) 8: 7.02-6.75 (arom, m, 4H), 5.22 (dd, 1 h), 4.35 (COCH=C, s, 1 H), (1 .97 (br s, 4H), 1 .49 (BOG, s, 9H). 

B. 8a-(4-Fluoro-benzyl)-8-pyrrolidin-1-yl-1 ,3,4,8a-tetrahydro-2H-pyrrolo[1 ,2-a]pyrazin-6-one, hydrochloride 

[0166] The title compound of part 6-A (48 mg, 0.12 mmol) was deprotected according to the method described in 
General Procedure B to give the title compound of part 6-B (46 mg, quantitative): +APcl MS (M+H) + 31 6; 1 H NMR = 
400 MHz (methanol-d 4 )8: 7.1 0-6.92 (arom., series of m, 4H), 4.39 (brd, 1 H), 4.30 (d, 1 H), 3.04 (brt, 1 H), 2.09 (brs, 4H). 



Example 6 



[0164] 




A. 8a-(4-Fluoro-benzyl)-6-oxo-8-pyrrolidin-1-yl-3,4,6,8a-tetrahydro-1H-pyrrolon ,2-alpyrazine-2-carboxylic acid tert- 
butyl ester 
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C. (1 -{1 (R)-Benzvloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-6-oxo-8-pyrrolidin-1 -yl-3,4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a] 
pyrazin-2-yll-2-oxo-ethylcarfaamoyl)-1-methyl-ethyl)-carbamic acid tert-butyl ester 

[0167] According to General Procedure A, the title compound of part 6-B (46 mg, 0.15 mmol) was coupled to 3(R)- 
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionyl-amino) propionic acid (67 mg, 0.18 mmol) and the prod- 
uct was purified by silica gel chromatography using 0-1 -3% methanol/ethyl acetate as eluent to give the title compound 
of part 6-C (15 mg, 15%, fractions which contained a nearly 1 :1 mixture of the two diastereomers (5 mg), followed by 
the more polar diastereomer (16 mg, 16%). Title compound of part 6-C: +APcl MS (M+H)+ 678; 1 H NMR = 400 MHz 
(CDCI 3 ) 8 : 7.35-6.65 (arom., series of m, 9H), 4.48 (PhCHgO, ABq, 2H), 4.37 (COCH=C, s, 1 H), 2.70 (d, 1 H), 1 .98 
(s, 4H), 1 .46 (Chja, s, 3H), 1 .44 (CH 3 , s, 3H), 1 .34 (BOC, s, 9H). For isomer: 1H NMR = 400 MHz (CDCI 3 ) 6: 7.30-6.58 
(arom., series of m, 9H), 4.53 (PhCHHO, d, 1H), 4.45 (PhCHHO, d, 1H), 4.32 (COCH=C, s, 1 H), 2.61 (d, 1 H), 1.95 
(s, 4H), 1 .46 (CH3, s, 3H), 1 .42 (CHjj, s, 3H), 1 .40 (BOC, s, 9H). 

D. 2-Amino-N-{1 (R)-benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-6-oxo-8-pyrrolidin-1 -yl-3,4,6,8a-tetrahydro-1 H- 
pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 

[0168] The title compound of part 6-C (15 mg, 0.022 mmol) was deprotected according to the method described in 
General Procedure B, and the product was triturated with ethyl ether to give the title compound of Example 6 (1 1 mg, 
86%): +APcl MS (M+H) + 578; 1 H NMR = 400 MHz (methanol-d 4 ) 8: 7.37-6.87 (arom., series of m, 9H), 4.54 (s, 2H), 
2.94 (d, 1H), 2.07 (s, 4H), 1 .60 (Me, s, 6H). 



2-Amlno-N-[2-(8a(S)-benzyl-6-oxo-3,4,6,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin-2-yl)-1(R)-benzyloxymethyl-2-oxo- 
ethyl]-2-methyl-propionamide, hydrochloride 



A. 3-Benzyl-3-formyl-piperazine-1 -carboxylic acid tert-butyl ester 

[0170] A solution of the title compound of part 4-B (0.31 g, 0.92 mmol) in CH 2 CI 2 (4.5 mL) was cooled to -40 °C 
under a nitrogen atmosphere and a 1 .0 M solution of DIBAL in CH 2 CI 2 (2.8 mL, 2.8 mmol) was added dropwise. After 
stirring at -40 °C for about 1h the reaction was quenched with MeOH (1 mL) and water (2 mL). The reaction was 
warmed, adjustedtoPh 3 with 1 M aqueous hydrochloric acid and then extracted with methylene chloride. The combined 
extracts were washed with brine, dried over sodium sulfate and concentrated to give the title compound of part 7-A 
(0.34 g, quantitative) which was carried on without further purification: +APcl MS (M+H) + 305; 1 H NMR = 400 MHz 
(CDCI3) 8: 9.60 (CHO, brm, 1H), 1.40 (BOC, m, 9H). 

B. 3-Benzyl-3-(2-methoxycart3onyl-vinyl)-piperazine-1 -carboxylic acid tert-butyl ester: 

[0171] To a THF (1 mL) solution of NaHMDS at 0 °C under a nitrogen atmosphere was added trimethyl phospho- 
noacetate (0.1 8 mL, 1 .1 mmol), dropwise. After stirring for 1 about hour, a THF (1 mL) solution of the title compound 



Example 7 



[0169] 
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of part 7-A (0.34 mg, 0.92 mmol) was added and the reaction was allowed to warm to room temperature. After stirring 
for about 16 hours, the product was isolated by extraction from water with EtOAc (2x) and methylene chloride (2x). 
The combined extracts were washed with brine, dried (MgS0 4 ) and concentrated. The product was then purified by 
silica gel chromatography using methylene chloride, then 5% MeOH in methylene chloride as eluents to afford a 7:3 
5 E:Z mixture of the title olefins of part 7-B (0.38 g, 81%), where the Z isomer had lactamlzed: +APcl MS (M+H, ester)+ 
361 , (M-Bu+H, lactam)* 273; 1 H NMR (400 MHz, CDCI 3 ) 6: 7.30-7.05 (arom, series of m, 5 H), 6.91 (lactam olefin, d, 
0.3H), 6.75 (ester olefin, d, 0.7H), 6.09 (lactam olefin, d, 0.3H), 5.88 (ester olefin, d, 0.7H), 3.71 (ester Me, s, 2.1 H), 
1 .47 (BOC, s, 9H). 

'o C. 8a-Benzyl-1 ,3,4,8a-tetrahydro-2H-pyrrolo[1 ,2-a]pyrazin-6-one, hydrochloride 

[0172] A solution of the title compounds of part 7-B (200 mg, 0.55 mmol) in methanol (5 mL) under a nitrogen at- 
mosphere was heated to reflux in the presence of solid potassium carbonate. After about 16 hours the reaction was 
concentrated in vacuo, redissolved in methylene chloride and washed with saturated aqueous ammonium chloride, 
'5 the organic layer was then dried over anhydrous sodium sulfate and concentrated in vacuo to give the crude, protected 
amine (97 mg, 50%) as a thick, brown oil. 

[0173] A portion of the amine (15 mg) was deprotected according to the method described in General Procedure B 
to give the title compound of part 7-C (8 mg, 77%): +APcl MS (M+H)+ 229; 1 H NMR = 400 MHz (methanol-d 4 ) 8: 
7.40-7.15 (arom., series of m, 5H), 7.05 (d, 1H), 6.00 (d, 1H), 3.83 (d, 1H). 

20 

D. {1 -[2-(8a-Benzvl-6-oxo-3,4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-1 -benzyloxymethyl-2-oxo- 
ethylcarbamoyn-1-methyl-ethyl}-carbamic acid tert-butyl ester 

[0174] According to General Procedure A, the title compound of part 7-C (8 mg, 0.035 mmol) was coupled to 3(R)- 
25 benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionyl-amino)-propionic acid (19 mg, 0.053 mmol) and the 
product was purified by silica gel chromatography using 0-1 0% methanol/ethyl acetate as eluent to give the title com- 
pound of part 7-0 (1 .8 mg, 21%) followed by the more polar diastereomer (2.3 mg, 26%). Title compound of part 7-D: 
+APcl MS (M-Boc+H)+ 591 ; 1 H NMR = 400 MHz (CDCI 3 ) 8 : 7.35-6.70 (series of m, 11 H), 6.05 (br s, 1 H), 5.09 (br m, 
1H). For isomer: 1H NMR = 400 MHz (CDCI 3 ) 8: 7.20-6.90 (arom., series of m, 10H), 6.86 (COCH=CH, d, 1H), 6.05 
30 (COCH=CH, d, 1 H), 5.24 (M, 1 H), 4.55 (d, 1 H), 2.65 (d, 1 H), 1 .41 (BOC, S, 9H). 

E. 2-Amino-N-[2-(8a(S)-benzyl-6-oxo-3,4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-1 (R)-benzyloxymethyl- 
2-oxo-ethyl]-2-methyl-propionamide, hydrochloride 

35 [01 75] The title compound of part 6-C (1 .8 mg, 0.003 mmol) was deprotected according to the method described in 
General Procedure B, and the product was triturated with ethyl etherto give the title compound of Example 6 (1 .5 mg, 
quantitative): +APcl MS (M+H) + 591; 1 H NMR = 400 MHz (methanol-d 4 ) 8: 7.40-7.10 (arom., series of m, 10H), 7.06 
(COCH=CH, d, 1 H), 6.00 (COCH=CH, d, 1 H), 4.55 (s, 2H), 3.04 (d, 1 H), 2.42 (d, 1 H), 1 .59 (Me, s, 3H), 1 .55 (Me, s, 3H). 
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Example 8 



2-Amino-N-{1(R)-benzyloxymethyl-248a(S)-(4-fluoro-benzyl)-8-methoxy-7-methyl-6-oxo-3,4,6,8a-tetrahydro-1 H- 
pyrrolo[1 ,2-a]pyrazin-2-yll-2-oxo-ethyl}-2-methyl-propionamide, hydrochloride 



A. 8a-(4-Fluoro-benzyl)-8-methoxy-7-methyl-6-oxo-3,4,6,8a-tetrahydro-1H-pyrrolo[1,2-a]pyrazine-2-carboxylic acid 
tert-butyl ester: 

[0177] To a DMSO (2 mL) solution of compound 1-D was added NaH (60% dispersion in mineral oil, 33 mg, 0.83 
mmol). After stirring about 1 hour, methyl iodide was added (0.01 7 mL, 0.28 mmol), the mixture was stirred for 1 hour, 
and then an additional portion of methyl iodide (0.01 7 mL, 0.28 mmol) was added. After stirring 3 days, the reaction 
mixture was extracted from saturated aqueous sodium bicarbonate with EtOAc, and the combined extracts washed 
with brine, dried (MgS0 4 ) and concentrated. Purification by silica gel chromatography employing hexanes, then 1:1 
EtOAc/hexanes as eluents afforded the title compound of part 8-A (9 mg, 14%): +APcl MS (M+H) + 391 ; 1 H NMR (400 
MHz, CDCI 3 ) 8: 6.95-6.83 (arom, m, 4 H), 4.21 (dd, 1H), 3.99 (MeO, s, 3H), 1.76 (Me, s, 3H), 1.50 (BOC, s, 9H). 

B. 8a-(4-Fluoro-benzyl)-B-methoxy-7-methyl-1,3,4,8a-tetrahydro-2H-pyrrolo[1,2-a]pyrazin-6-one, hydrochloride 

[0178] The title compound of part 8-A (9 mg, 0.023 mmol) was deprotected according to the method described in 
General Procedure B to give the title compound of part 8-B (7 mg, 93%): +APcl MS (M+H) + 291 ; 1 H NMR = 400 MHz 
(methanol-d 4 ) 8: 7.18-6.93 (arom., series of m, 4H), 4.36 (dd, 1H), 4.10 (MeO, s, 3H), 3.70 (d, 1H), 1 .73 (Me, s, 3H). 

C. (1-{1(R)-Benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-8-methoxy-7-methyl-6-oxo-3,4,6,8a-t6trahydro-1H-pyrrolo 
[1 ,2-a]pyrazin-2,yl]-2-oxo-ethylcarbamoyl}-1 -methyl-ethyl)-carbamic acid tert-butyl ester 

[0179] According to General Procedure A, the title compound of part 8-B (8 mg, 0.023 mmol) was coupled to 3(R)- 
benzyloxy-2-(2-tert-butoxycarbonylamino-2-methyl-propionyl-amino) propionic acid (11 mg, 0.028 mmol) and the prod- 
uct was purified by silica gel chromatography using 20-80% ethyl acetate/hexanes as eluent to give the title compound 
of part 8-C (2 mg, 13%), fractions which contained a mixture of the two diastereomers (6 mg, 40%), followed by the 
more polar diastereomer (3 mg, 20%). Title compound of part 8-C: +APcl MS (M+H)+ 653, (M-Boc+H)+ 553; 1 H NMR 
= 400 MHz (CDCI 3 ) 8 : 7.35-6.65 (series of m, 9H), 5.15 (q, 1H), 4.47 (PhCHj.0, Abq, 2H), 3.98 (MeO, s, 3H). For 
isomer: 1 H NMR = 400 MHz (CDCI 3 ) 8: 7.70-6.58 (arom., series of m, 10H), 5.20 (M, 1 H), 4.54 (PhCHHO, J£ Abq, 1H), 
4.44 (PhCHHO, 14 Abq, 1H), 3.93 (MeO, s, 3H). 

D. 2-Amino-N-{1(R)-benzyloxymethyl-2-[8a(S)-(4-fluoro-benzyl)-8-methoxy-7-methyl-6-oxo-3,4,6,8a-tetrahydro-1H- 
pyrrolo[1 ,2-a]pyrazin-2-yl]-2-axo-ethyl}-2-methyl-propionamide, hydrochloride 

[0180] The title compound of part 8-C (2 mg, 0.003 mmol) was deprotected according to the method described in 
General Procedure C, and the product was triturated with ethyl ether to give the title compound of Example 8 (2 mg, 
quantitative): +APcl MS (M+H)+553; 1H NMR = 400 MHz (methanol-d 4 ) 8: 7.40-6.80 (arom., series of m, 9H), 5.13 (m, 



[0176] 
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1 H), 4.54 (PhCHjO, s, 2H), 4.10 (MeO, s, 3H), 3.09 (d, 1H),2.61 (d, 1H), 1.78 (Me, s,3H), 1.59 (Me, s, 6H). 
TABLES 

[0181] The following abbreviations and notations are used in the Tables below. 
[0182] Abbreviation: 

Me - methyl 

Et - ethyl 

Ph - phenyl 

Pyr - pyridyl 

c-Pr - cyclcpropyl 

Examples 9-17 

[0183] The compounds of Examples 9-17 were synthesized in a manner analogous to procedures described for 
Examples 5-8 using the appropriate starting materials. 




Example # 


X 


R1 


R2 


R2A 


isomer 


MS A 


9 


0 


CH 2 -4-F-Ph 


Me 


MeO 


d2 


553 


10 


0 


CH 2 -4-F-Ph 


H 


MeO 


d1 


539 


11 


0 


CH 2 -4-F-Ph 


H 


MeO 


d2 


539 


12 


0 


CH 2 -4-F-Ph 


H 


(CH 2 ) 4 N 


d2 


578 


13 


0 


CH 2 -4-F-Ph 


H 


0(CH 2 CH 2 ) 2 N 


d1 


594 


14 


o 


CH 2 -4-F-Ph 


H 


0(CH 2 CH2) 2 N 


d2 


594 


15 


0 


CH 2 Ph 


H 


H 


d2 


491 


16 


0 


CH 2 -2-Pyr 


H 


MeO 


d1 


522 


17 


o 


CH 2 -2-Pyr 


H 


MeO 


d2 


522 


( A = Mass Spec. Method is + A 


3 e l 



Examples 9-17 

[0184] The compounds of Examples 18-45 were synthesized in a manner analogous to procedures described for 
Examples 1-4 using the appropriate starting materials. 
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10 




Example # 


R 1 


R 2A 


isomer 


MS A 


18 


CH 2 -4-F-Ph 


MeS 


d2 


555 


19 


CH 2 -4-F-Ph 


(CH 2 ) 4 N 


d2 


578 


20 


CH 2 -4-F-Ph 


Me 2 N 


d1 


552 


21 


CH 2 -4-F-Ph 


Me 2 N 


d2 


552 


22 


CH 2 -4-F-Ph 


H 


d2 


509 


23 


CH 2 -4-F-Ph 


0(CH 2 CH 2 ) 2 N 


d1 


594 


24 


CH 2 -4-F-Ph 


0(CH 2 CH 2 ) 2 N 


d2 


594 


25 


CH 2 Ph 


(CH 2 ) 4 N 


d1 


560 


26 


CH 2 Ph 


(CH 2 ) 4 N 


d2 


560 


27 


CH 2 Ph 


H 


d1 


491 


28 


CH 2 Ph 


H 


d2 


491 


29 


CH 2 Ph 


Me 


d2 


505 


30 


CH 2 -2-Pyr 


Me 


d1,2 


506 


31 


CH 2 Ph 


Et 


d1 


519 


32 


CH 2 Ph 


Et 


d2 


519 


33 


CH 2 -2-Pyr 


Me 


d1 


506 


34 


CH 2 -2-Pyr 


2-Pyr 


d1,2 


569 


35 


CH 2 -2-Pyr 


t-Bu 


d1,2 


548 


36 


CH 2 -2-Pyr 


Et 


d1,2 


520 


37 


CH 2 Ph 


i-Pr 


d1 


533 


38 


CH 2 Ph 


i-Pr 


d2 


533 


39 


CH 2 Ph 


t-Bu 


d1 


547 


40 


CH 2 Ph 


t-Bu 


d2 


547 


41 


CH 2 -2-Pyr 


i-Pr 


d1,2 


534 


42 


CH 2 Ph 


2-Pyr 


d1 


568 


43 


CH 2 Ph 


2-Pyr 


d2 


568 


44 


Me 


2-Pyr 


d1,2 


492 


45 


Me 


Ph 


d1,2 


491 


A = Mass Spec. Method is + AP e I 
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Claims 

1 . A compound of the Formula 




or a pharmaceutical^ acceptable salt or prodrug thereof, 
wherein: 

HET is a heterocyclic moiety selected from the group consisting of 




R 2 is selected from the group consisting of hydrogen, fluoro, and (C-|-C 5 )a!kyl optionally substituted with 1 -5 
halo groups; 

R2A i s selected from the group consisting of hydrogen, SX", 0X6, -N(X6)(X6), (C^alkyl, -(C 0 -C 3 ) 

alkyl-(C|-C 7 )cycloalkyl, and -(C 0 -C 3 )alkyl-A 1 , where the alkyl groups and the cycloalkyl groups are optionally 

substituted with hydroxy, thio, C(0)OX6, C(0)N(X6)(X<S), S0 2 N(X6)(X 6 ), S(0) m (C r C 6 )alkyl, C(0)A 1 , C(0)(X 6 ), 

CN or 1 -5 halo groups; 

Q is is a covalent bond or CR 9 R 10 ; 

ZisC=0,C=S or S{0) 2 ; 

R1 is hydrogen, -CN, -(CH 2 ) q N(X6)C(0)X6, -(CH 2 ) q N(X6)C(0)(CH2) t -Ai, -(CH 2 ) q N(X6)S(0) 2 (CH 2 ) t -Ai, 
-(CH 2 ) q N(X6)S(0)2X6, -(CH2) q N(X8)C(0)N(X6)(CH 2 ) t -Ai, - (CH 2 ) q N(X6)C(0)N(X6)(X6), -(CH 2 ) q (0)N(X6)(X6), 
-(CH 2 ) q C(0)N(X6)(CH 2 ) r Al, - (CH 2 ) q C(0)OX6, -(CH 2 ) q C(0)0(CH 2 VAl , -(CH 2 ) q OX6, -(CH 2 ) q OC(0)X6, 
-(CH^qOCfOJtCHaVAl, -(CH 2 ) q C(0)N(X6)(CH 2 ) t -Al, -(CH 2 ) q OC(0)N(X6)(X6), -(CH 2 ) q C(0)X6, -(CH 2 ) q C(0) 
(CH^-A', -(CH 2 ) q N(X6)C(0)OX6, -(CH 2 ) q N(X6)S(0) 2 N(X6)(Xe), -(CH 2 ) q S(0) m X6, -(CH 2 ) q S(0) m (CH 2 ) t -Ai , 
-(C r C 10 )alkyl, -(CH 2 ),-A 1 , -(CH 2 ) q -(C 3 -C 7 )cycloalkyl, -(CH^-Yi-^-CeJalkyl, -(CH 2 ) q -Yi-(CH 2 ) t -A 1 or 
-(CH 2 ) q -YMCH 2 ) t -(C 3 -C 7 )cycloalkyl; 

wherein the alkyl and cycloalkyl groups in the definition of R 1 are optionally independently substituted with 
(C r C 4 )alkyl, hydroxy, (C^C^alkoxy, carboxyl, -CONH 2 , -S(0) m (C r C 6 )alkyl, -COj^-C^alkyl ester, 1 H-tetrazol- 
5-yl or 1 , 2 or 3 fluoro groups; 

Y 1 is O, S(0) m , -C(0)NX 6 -, -CH=CH-, -C=C-, -N(X 6 )C(0)-, -C(0)NX 6 -, -0(0)0-, -0C(0)N(X 6 )- or-OC(O)-; 

q is 0, 1 , 2, 3 or 4, with the proviso that q cannot be 0 when (CH 2 ) q is attached to N or O; 

t is 0, 1, 2 or 3; 

m is 1 or 2; 

R 3 is selected from the group consisting of A 1 , (C 1 -C 10 )alkyl, -(C|-Cg)alkyl-A 1 , -(C 1 -C 6 )alkyl-(C 3 -C 7 )cy- 
cloalkyl, -(C v C 5 )a\ky\-X^-(C v C 5 )any\, -(Ct-CsJalkyl-X^tCo-C^alkyl-A 1 and -(C 1 -C 5 )alkyl-X 1 -(C 1 -C 5 )alkyl-(C 3 -C 7 ) 
cycloalkyl; 

where the alkyl groups in the definition of R 3 are optionally substituted with - S(0) m (C 1 -C 6 )alkyl, -CfOJOX 3 , 
1 , 2, 3, 4 or 5 independently selected halo groups or 1 , 2 or 3 independently selected -OX 3 groups; 
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X 1 is O, S(0) m , -N(X 2 )C(0)-, -C(0)N(X2)-, -OC(O)-, -C(0)0-, -CX2=CX2-,-N(X2)C(0)0, -OC(0)N(X2)- or 

-C=C-; 

X 2 for each occurrence is independently hydrogen, optionally substituted (C r C 6 )alkyl or optionally substi- 
tuted (C 3 -C 7 )cycloalkyl, where the optionally substituted (CVC^aikyl and optionally substituted (C 3 -C 7 )cycloalkyl 
in the definition of X 2 are optionally independently substituted with -S(0) m (C 1 -C 6 )alkyl, -C(0)OX 3 , 1 to 5 halo 
groups or 1-3 OX 3 groups; 

R 4 is hydrogen, (C^C^alkyl or (C 3 -C 7 )cycloalkyl, or R 4 is taken together with R 3 and the carbon atom to 
which they are attached and form (Cg-G^cycloalkyl, (Cg-G^cycloalkenyl, a partially saturated or fully saturated 4- 
to 8-membered ring having 1 to 4 heteroatoms independently selected from the group consisting of oxygen, sulfur 
and nitrogen, or R 4 and R 3 can be taken together to form a bicyclic ring system consisting of a partially saturated 
or fully saturated 5- or 6-membered ring, fused to a partially saturated, fully unsaturated or fully saturated 5- or 
6-membered ring, optionally having 1 to 4 heteroatoms independently selected from the group consisting of nitro- 
gen, sulfur and oxygen; 

X 4 is hydrogen or (Ci-C e )alkyl or X 4 is taken together with R 4 and the nitrogen atom to which X 4 is attached 
and the carbon atom to which R 4 is attached and form a five to seven membered ring; 
R 6 is a bond or 



(CH 2 ) a (CH 2 ) b 

or-(CR a R b ) a -E-(CR a R b ) b -, 

where the -(CR a R b ) a - group is attached to the carbonyl carbon of the amide group of the compound of Formula I 
and the -(CR a R b )b group is attached to the terminal nitrogen atom of the compound of Formula I; 
E is -O-, -S-,-CH=CH-, 




which is optionally subsititued with halo, hydroxy, -N(R C )(R C ), (C 1 -C 6 )alkyl or (C r C 6 )alkoxy; 

R a and R b are independently hydrogen, (C r C 6 )alkyl, trifluoromethyl, phenyl or substituted (C 1 -C 6 )alkyl where 
the substituents are imidazolyl, naphthyl, phenyl, indolyl, p-hydroxyphenyl, -OR c , S(0) m R c , C(0)OR°, (C 3 -C 7 )cy- 
cloalkyl, -N^XR 0 ), -C(0)N(R c )(R c ); or R a and R b may independently be joined to one or both of R 7 or E (where 
E is other than O, S or -CH=CH-) to form an alkylene bridge between the terminal nitrogen and the alkyl portion 
of the R a or R b and the R 7 or E group, wherein the bridge contains 1 to 8 carbon atoms; or R a and R b may be 
joined to one another to form a (C 3 -C 7 )cycloalkyl; 

R° is hydrogen or (C^C^alkyl; 

a and b are independently 0, 1 , 2 or 3, with the proviso that if E is -O- or -S-, y is other than 0 or 1 and with 
the further proviso that if E is -CH=CH-, y is other than 0; 

X 5 and X 5 " are each independently selected from the group consisting of hydrogen, CF 3 , A 1 and optionally 
substituted (C 1 -C 6 )alkyl; 

the optionally substituted {C-t -C 6 )alkyl in the definition of X 5 and X 5 " is optionally substituted with a substituent 
selected from the group consisting of A 1 , OX 2 , -S(0) m (C 1 -C 6 )alkyl, -CfOJOX 2 , (Cg-CycycloalkyI, -N(X 2 )(X 2 ) and 
-C(0)N(X 2 )(X2); 
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or the carbon bearing X 5 or X 5a forms one or two alkylene bridges with the nitrogen atom bearing R 7 and R 8 
wherein each alkylene bridge contains 1 to 5 carbon atoms, provided that when one alkylene bridge is formed then 
only one of X 5 or X s * is on the carbon atom and only one of R 7 or R 8 is on the nitrogen atom and further provided 
that when two alkylene bridges are formed then X 5 and X 58 cannot be on the carbon atom and R 7 and R 8 cannot 
be on the nitrogen atom; 

or X 5 is taken together with X 5a and the carbon atom to which they are attached and form a partially saturated 
or fully saturated 3- to 7-membered ring, or a partially saturated or fully saturated 4- to 8-membered ring having 1 
to 4 heteroatoms independently selected from the group consisting of oxygen, sulfur and nitrogen; 

or X 5 is taken together with X 5a and the carbon atom to which they are attached and form a bicyclic ring 
system consisting of a partially saturated or fully saturated 5- or 6-membered ring, optionally having 1 or 2 heter- 
oatoms independently selected from the group consisting of nitrogen, sulfur and oxygen, fused to a partially sat- 
urated, fully saturated or fully unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms independ- 
ently selected from the group consisting of nitrogen, sulfur and oxygen; 

Z 1 is a bond, O or N-X 2 , provided that when a and b are both 0 then Z 1 is not N-X 2 or O; 

R 7 and R 8 are each independently hydrogen or optionally substituted (CpC^alkyl; 

where the optionally substituted (C 1 -C 8 )alkyl in the definition of R 7 and R 8 is optionally independently sub- 
stituted with Ai, -CCOJO-^-CeJalkyl, 

- S(0) m (C,-C 6 )alkyl, 1 to 5 halo groups, 1 to 3 hydroxy groups, 1 to 3 -O-C(O)(C 1 -C 10 )alkyl groups or 1 to 3 
(C 1 -C 6 )alkoxy groups; or 

R 7 and R s can be taken together to form -(CH 2 ) r -L-(CH 2 ) r -; where L is C(X 2 )(X 2 ), S(0) m or NfX 2 ); 

R 9 and R 10 are each independently selected from the group consisting of hydrogen, fluoro, hydroxy and 
(C 1 -C 5 )alkyl optionally independently substituted with 1-5 halo groups; 

A 1 for each occurrence is independently selected from the group consisting of (C 5 -C 7 )cycloalkenyl, phenyl, 
a partially saturated, fully saturated orfully unsaturated 4- to 8-membered ring optionally having 1 to 4 heteroatoms 
independently selected from the group consisting of oxygen, sulfur and nitrogen and a bicyclic ring system con- 
sisting of a partially saturated, fully unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4 
heteroatoms independently selected from the group consisting of nitrogen, sulfur and oxygen, fused to a partially 
saturated, fully saturated or fully unsaturated 5- or 6-membered ring, optionally having 1 to 4 heteroatoms inde- 
pendently selected from the group consisting of nitrogen, sulfur and oxygen; 

A 1 for each occurrence is independently optionally substituted, on one or optionally both rings if A 1 is a 
bicyclic ring system, with up to three substituents, each substituent independently selected from the group con- 
sisting of F, CI, Br, I, OCF 3 , OCF 2 H, CF 3 , CH 3 , OCH 3 , -OX 6 , 

- CKCONfX 6 )^ 6 ), -C(0)OX 8 , oxo, (CVCeJalkyl, nitro, cyano, benzyl, -S(0) m (C r C 6 )alkyl, 1 H-tetrazol-5-yl, 
phenyl, phenoxy, phenylalkyloxy, halophenyl, methylenedioxy, -N(X 6 )(X 6 ), -N^qOHX 8 ), -StOfeNlXtyX 8 ), 

- N(X e )S(0) 2 -phenyi, -N(X 8 )S(0) 2 X6, -CONX^ 2 , -S(0) 2 NX"X 12 , -NX«S(0) 2 X12 -NXSCONXUXi 2 , -NX6S 
(0) 2 NX 11 X 12 , -NX 6 C(0)X 12 , imidazolyl, thiazolyl and tetrazolyl, provided that if A 1 is optionally substituted with 
methylenedioxy then it can only be substituted with one methylenedioxy; 

where X 11 is hydrogen or optionally substituted (C^-CeJalkyl; 

the optionally substituted (C r C e )alkyl defined for X 11 is optionally independently substituted with phenyl, 
phenoxy, (C 1 -C 6 )alkoxycarbonyl, -S(0) m (C 1 -C 6 )alkyl, 1 to 5 halo groups, 1 to 3 hydroxy groups, 1 to 3 (C,-C 10 ) 
alkanoyloxy groups or 1 to 3 (C^C^alkoxy groups; 

X 12 is hydrogen, (C 1 -C e )alkyl, phenyl, thiazolyl, imidazolyl, furyl or thienyl, provided that when X 12 is not 
hydrogen, the X 12 group is optionally substituted with one to three substituents independently selected from the 
group consisting of CI, F, CH 3 , OCH 3 , OCF 3 and CF 3 ; 

or X 11 and X 12 are taken together to form -(CH 2 ) r -U-(CH 2 ) r -; 

L 1 is C(X 2 )(X 2 ), O, S(0) m or N(X 2 ); 

r for each occurrence is independently 1 , 2 or 3; 

X 2 for each occurrence is independently hydrogen, optionally substituted (C^CgJalkyl or optionally substi- 
tuted (C 3 -C 7 )cycloalkyl. where the optionally substituted (C 1 -C 6 )alkyl and optionally substituted (C 3 -C 7 )cycloalkyl 
in the definition of X 2 are optionally independently substituted with -S(0) m (C 1 -C 6 )alkyl, -C(0)OX 3 , 1 to 5 halo 
groups or 1 -3 OX 3 groups; 

X 3 for each occurrence is independently hydrogen or (C|-C 6 )alkyl; 

X 6 for each occurrence is independently hydrogen, optionally substituted (G,-C 6 )alkyl, (C 2 -C 6 )halogenated 
alkyl, optionally substituted (C 3 -C 7 )cycloalkyl, (C 3 -C 7 )-halogenatedcycloalkyl, where optionally substituted (C|-C 6 ) 
alkyl and optionally substituted (C 3 -C 7 )cycloalkyl in the definition of X 6 is optionally independently mono- or di- 
substituted with (C 1 -C 4 )alkyl, hydroxy, (^-C^alkoxy, carboxyl, CONH 2 , S(0) m (C 1 -C 6 )alkyl, carboxylate (C,-C 4 ) 
alkyl ester or 1 H-tetrazol-5-yl; or when there are two X 6 groups on one atom and both X 6 are independently (C 1 -C 6 ) 
alkyl, the two (C 1 -C e )alkyl groups may be optionally joined and, together with the atom to which the two X 8 groups 
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are attached, form a 4- to 9- membered ring optionally having oxygen, sulfur or NX 7 as a ring member; 
X 7 is hydrogen or (Ci-C 6 )alkyl optionally substituted with hydroxy; 
m for each occurrence is independently 0, 1 or 2; 
with the proviso that: 

X 6 and X12 cannot be hydrogen when attached to C(O) or S(0) 2 in the form C(0)X 5 , C(0)X 12 , S(0) 2 X 6 or S 
(0)2X12; an d 

when R 8 is a bond then L is NfX 2 ) and each r in the definition -(CH 2 ) r -L-(CH 2 ) r - is independently 2 or 3. 
A compound, a salt or a prodrug according to Claim 1 wherein: 
R 4 is hydrogen or methyl; X 4 is hydrogen; 



where Z 1 is a bond and a is 0 or 1 ; X 5 and X 5a are each independently selected from the group consisting of 
hydrogen, CF 3 , phenyl and optionally substituted (0,-C 6 )alkyl; 

where the optionally substituted (C 1 -C 6 )alkyl in the definition of X 5 and X 58 is optionally substituted with OX 2 

or A 1 ; 

where A 1 in the definition of X s and X 5a is imidazolyl, phenyl, indolyl, p-hydroxyphenyl, (C 5 -C 7 )cycloalkyl, -S 
(0) m (C r C 6 )alkyl, -N(X2)(X 2 ) or 
-C(0)N(X2)(X2); 
R 7 is hydrogen or (C r C 3 )alkyl; 

or X 5 and R 7 are taken together and form a (C^-C^alkylene bridge; and 

R 8 is hydrogen or (Ci-C 3 )alkyl optionally substituted with one or two hydroxy groups. 

A compound, a salt or a prodrug according to claim 2 wherein b is 0; X s and X 5a are each independently selected 
from the group consisting of hydrogen, (C^C^alkyl and hydroxy(C 1 -C 3 )alkyl; and 

R 3 is selected from the group consisting of thienyl-CH 2 -0-CH 2 -, pyridyl-CH 2 -0-CH 2 -, thiazolyl-CH 2 -0-CH 2 -, 
1-indolyl-CH 2 -, 2-indolyl-CH 2 -, 3-indolyl-CH 2 -, 1-naphthyl-CH 2 , 2-naphthyl-CH 2 -, 1-benzimidazolyl-CH 2 -, 2-benz- 
imidazolyl-CH 2 -, phenyHq-C^alkyl, 2-pyridyl-(C 1 -C 4 )alkyl-, 3-pyridyl-(C r C 4 )alkyl-, 4-pyridyl-(C 1 -C 4 )alkyl-, phe- 
nyl-CH 2 -S-CH 2 -, thienyl-(C 1 -C 4 )alkyl-, phenyl-(C 0 -C 3 )alkyl-O-CH 2 -, pnenyl-CH 2 -0-phenyl-CH 2 -, phenyl- 
0-CH 2 -CH 2 - and 3-benzothienyl-CH 2 -; 

where the aryl portion(s) of the groups defined for R 3 are each optionally substituted with one to three sub- 
stituents, each substituent being independently selected from the group consisting of methylenedioxy, F, CI, CH 3 , 
OCH 3 , OCF 3 , OCF 2 H and CF 3 . 

A compound, a salt or a prodrug according to claim 3 wherein: 
R 4 is hydrogen; a is 0; 

X s and X 58 are each independently selected from the group consisting of hydrogen, methyl or hydroxymethyl, 
provided that when X 5 is hydrogen then X 58 is not hydrogen; 
R 7 and R 8 are each hydrogen; and 

R 3 is selected from the group consisting of 3-indolyl-CH 2 -, 1-naphthyl-CH 2 -, 2-naphthyl-CH 2 -, phenyl-^., -C^ 
alky!-, 2-pyridyl-(C 1 -C 4 )alkyl-, 3-pyridyl-(C 1 -C 4 )alkyl-, 4-pyridyl-(C 1 -C 4 )alkyl- l phenyl-CH 2 -S-CH 2 -, 
thienyl-(C 2 -C 4 )alkyl-, phenyl-(C 0 -C 3 )alkyl-O-CH 2 -, 3-benzothienyl-CH 2 -, thienyl-CH 2 -0-CH 2 -, thiazolyl-CH 2 - 
0-CH 2 -, pyridyi-CH 2 -0-CH 2 - and phenyl-0-CH 2 -CH 2 -; 



RSis 




(CH 2 ) a (CH 2 ) b 



where the aryl portion(s) of the groups defined for R 3 are each optionally substituted with one to three sub- 
stituents, each substituent being independently selected from the group consisting of methylenedioxy, F, CI, CH 3 , 
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OCH 3 , OCF 3l OCF 2 H and CF 3 . 

5. A compound, a salt or a prodrug according to claim 4 wherein: 

R1 is -(CHafc-Ai, -(CH 2 ) q -(C 3 -C 7 )cycloalkyl or (C^C^Jalkyl; 

A 1 In the definition of R 1 is phenyl, pyrldyl, thiazolyl orthienyl, optionally substituted with one to three substlt- 
uents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, 
OCF 3 and CF 3 ; 

the cycloalkyl and alky I groups in the definition of R 1 are optionally substituted with (C r C 4 )alkyl, hydroxy, 
(C^C^alkoxy or 1 to 3 fluoro atoms; 
q is 1 or 2; t is 1 or 2; 

R3 is phenyi-CH 2 -0-CH 2 -, phenyl-CH 2 -S-CH 2 -, pyridyl-CH 2 -0-CH 2 -, thienyl-CH 2 -0-CH 2 -, thiazolyl-CH 2 - 
0-CH 2 -, phenyl-(CH 2 ) 3 - or 3-indolyl-CH 2 -; 

where the carbon atom bearing the substituent R 3 is of the (R)-configuration; 

where the aryl portion of the groups defined for R 3 is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 and 
CF 3 ; and 

X 5 and X 53 are each methyl. 

6. A compound, a salt or a prodrug according to claim 5 wherein HET is 




7. A compound, a salt or a prodrug according to claim 6 wherein Z is C=0; Q is a covalent bond; 

8. A compound, a salt or a prodrug according to claim 7 wherein: 

R 2 is hydrogen or (C 1 -C 3 )alkyl where the alky I is optionally substituted with 1-3 fluoro groups; 
R2A is -SX6; 

X 6 is (C r C 3 )alkyl or (C 3 -C 6 ) cycloalkyl, where the alkyl and cycloalkyl may be optionally substituted with one 
to three halogens. 

9. A compound, a salt or a prodrug according to claim 8 wherein: 

R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 
and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH z -, phenyl-(CH 2 )3-, phenyl-CH 2 -0-CH 2 - and thia- 
zolyl-CH 2 -0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 . 

10. A compound, a salt or a prodrug according to claim 9 where the compound is the 8a(R,S),1 (R) diastereomeric 
mixture, the 8a(R),1(R) diastereomer or the 8a(S),1(R) diastereomer of 2-amino-N-{1(R)-benzyloxymethyl- 
2-[8a-(4-fluoro-benzyl)-6-methylsulfanyl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo[1,2-a]pyrazin-2-yl]-2-oxo-ethyl}- 
2-methyl-propionamide. 

11 . A compound, a salt or a prodrug according to claim 7 wherein: 



R 2 is hydrogen or (C r C 3 )alkyl where the alkyl is optionally substituted with 1-3 fluoro groups; 
R2A is -N(X6)(X<5); 
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X 6 for each occurrence is independently hydrogen, optionally substituted (C r C 3 )alkyl, (C 2 -C 3 )fluoronated 
alkyl, optionally substituted (C 3 -C 6 )cycloalkyl, (C 3 -G 6 )fluorinated cycloalkyl, where when there are two X 6 
groups on one atom and both X 6 are independently (C|-C 3 )alkyl, the two (C r C 3 )alkyl groups may be optionally 
joined and, together with the atom to which the two X 6 groups are attached, form a 4- to 6-membered ring 
optionally having oxygen as a ring member. 

12. A compound, a salt or a prodrug according to claim 11 wherein: 

R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 
and CF 3 ; and 

R 3 Is selected form the group consisting of 3-lndolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thia- 
zoiyl-CH 2 -0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 . 

13. A compound, a salt or a prodrug according to claim 12 where the compound is the 8a(R,S),1(R) diastereomeric 
mixture, the 8a(R),1 (R) diastereomer or the Ba(S),1 (R) diastereomer of the compound selected from the group 
consisting of 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-oxo-6-pyrrolidin-1 -yl-3,4,8,8a-tetrahy- 
dro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide or 2-amino-N-{1 (R)-benzyloxymethyl- 
2-[8a-(4-fluoro-benzyl)-6-morpholin-4-yl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}- 
2-methyl-propionamide. 

14. A compound, a salt or a prodrug according to claim 7 wherein: 

R 2 is hydrogen or (C 1 -C 3 )alkyl where the alkyl is optionally substituted with 1 -3 fluoro groups; 

R2A is hydrogen, -(C^C^alkyl, -(C 0 -C 2 )alkyl-(C,-Ce)cycloalkyl, -(C 0 -C 2 )alkyl-A 1 where the alkyl groups are 

optionally substituted with 1-3 fluoro groups; 

A 1 is phenyl, pyridyl or thiazolyl optionally substituted with one to two substituents, each substituent being 
independently selected from the group consisting of F, CI, CH 3 , OCF 2 H, OCF 3 , and CF 3 . 

15. A compound, a salt or a prodrug according to claim 1 4 wherein: 

R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 
and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thia- 
zolyl-CH 2 -0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 . 

16. A compound, a salt or a prodrug according to claim 15 where the compound is the 8a(R,S),1 (R) diastereomeric 
mixture, the 8a(R),1 (R) diastereomer or the 8a(S),1 (R) diastereomer of the compound selected from the group 
consisting of 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo 
[1,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide, 2-amino-N-[1(R)-benzyloxymethyl-2-oxo-2-(8-oxo-6-py- 
ridin-2-yl-8a-pyridin-2-ylmethyl-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin-2-y0-ethyl]-2-methyl-propionamide, 
or 2-amino-N-[2-(8a-benzyl-6-ethyl-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-1 (R)-benzyloxyme- 
thyl-2-oxo-ethyl]-2-methyl-propionamide. 

17. A compound, a salt or a prodrug according to claim 5 wherein HET is 
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18. A compound, a salt or a prodrug according to claim 1 7 wherein Z is C=0; Q is a covalent bond; 

19. A compound, a salt or a prodrug according to claim 1 8 wherein: 

R 2 is hydrogen or (C^CgJalkyl where the alkyl is optionally substituted with 1-3 fluoro groups; 
R 2A is -OX 6 ; 

X 6 is (CyC 3 )a\\^\ or (C 3 -C 6 ) cycloalkyl, where the alkyl and cycloalkyl may be optionally substituted with one 
to three halogens. 

20. A compound, a salt or a prodrug according to claim 1 9 wherein: 

R 1 is -CHj-A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 
and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thia- 
zolyi-CH 2 -0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 . 

21. A compound, a salt or a prodrug according to claim 20 where the compound is the 8a(R,S),1(R) diastereomeric 
mixture, the 8a(R),1 (R) diastereomer or the 8a(S),1 (R) diastereomer of the compound selected from the group 
consisting of 2-amino-N-[1 (R)-benzyloxymethyl-2-(8-methoxy-6-oxo-8a-pyridin-2-ylmethyl-3,4,6,8a -tetrahydro- 
1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-2-oxo-ethyl]-2-methyl-propionamide, 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4- 
fluoro-benzyl)-8-methoxy-6-oxo-3,4,6,8a -tetrahydro-1H-pyrrolo[1,2-a]pyrazin-2-yl]-2-oxo-ethyl)-2-methyl-propi- 
onamide or 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-methoxy-7-methyl-6-oxo-3, 4,6,8a-tet- 
rahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide. 

22. A compound, a salt or a prodrug according to claim 1 8 wherein: 

R 2 is hydrogen, -(C r C 4 )alkyl, -(C 0 -C 2 )alkyl-(C 1 -C 6 )cycloalkyl, -(C 0 -C 2 )alkyl-A 1 where the alkyl groups are 
optionally substituted with 1-3 fluoro groups; 

A 1 is phenyl, pyridyl or thiazolyl optionally substituted with one to two substituents, each substituent being 
independently selected from the group consisting of F, CI, CH 3 , OCF 2 H, OCF 3 , and CF 3 ; 
R 2A is -NKXSKX 6 ); 

X 6 for each occurrence is independently hydrogen, optionally substituted (C|-C 3 )alkyl, (C 2 -C 3 )fluoronated 
alkyl, optionally substituted (C 3 -C 6 )cycloalkyl, (C 3 -C 6 )fluoronated cycloalkyl, where when there are two X 6 
groups on one atom and both X 6 are independently (CyC 3 )a\ty\, the two {C^ -C 3 )alkyl groups may be optionally 
joined and, together with the atom to which the two X 6 groups are attached, form a 4- to 6-membered ring 
optionally having oxygen as a ring member. 

23. A compound, a salt or a prodrug according to claim 22 wherein: 

R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 
and CF 3 ; and 

R 3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 )g-, phenyl-CH 2 -0-CH 2 - and thia- 
zoiyl-CH 2 -0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 . 

24. A compound, a salt or a prodrug according to claim 23 where the compound is the 8a(R,S),1 (R) diastereomeric 
mixture, the 8a(R),1 (R) diastereomer or the 8a(S),1(R) diastereomer of the compound selected from the group 
consisting of 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-6-oxo-8-pyrrolidin-1 -yl-3, 4,6,8a-tetrahy- 
dro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide or 2-amino-N-{1 (R)-benzyloxymethyl- 
2-[8a-(4-fluoro-benzyl)-8-morpholin-4-yl-6-oxo-3, 4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yQ-2-oxo-ethyl}- 
2-methyl-propionamide. 

25. A compound, a salt or a prodrug according to claim 1 8 wherein: 
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R 2 is hydrogen or (C|-C3)alkyl where the alkyl is optionally substituted with 1-3 fluoro groups; 

R2A i s hydrogen, -(C r C 4 )alkyl, -(C 0 -C 2 )alkyl-(C 1 -C 6 )cyloalkyl l -(C 0 -C 2 )alkyl-A 1 where the alkyl groups are 

optionally substituted with 1 -3 fluoro groups; 

A 1 is phenyl, pyridyl or thiazolyl optionally substituted with one to two substituents, each substituent being 
independently selected from the group consisting of F, CI, CH 3 , OCF 2 H, OCF 3 , and CF 3 . 

26. A compound, a salt or a prodrug according to claim 25 wherein: 

R 1 is -CH 2 -A 1 where A 1 is phenyl, pyridyl or thiazolyl, optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 
and CF 3 ; and 

R3 is selected form the group consisting of 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - and thia- 
zolyl-CH 2 -0-CH 2 -, where the aryl portion of the groups defined for R 3 is optionally substituted with one to three 
substituents, each substituent being independently selected from the group consisting of F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 and CF 3 . 

27. A compound, a salt or a prodrug according to claim 26 where the compound is the 8a(R,S),1 (R) diastereomeric 
mixture, the 8a(R),1 (R) diastereomer or the 8a(S),1 (R) diastereomer of 2-amino-N-[2-(8a-benzyl-6-oxo-3,4,6,8a- 
tetrahydro-1 H-pyrrolo[1 ,2-a] pyrazin-2-yl)-1 (R)-benzyloxymethyl-2-oxo-ethyl]-2-methyl-propionamide. 

28. The use of a therapeutically effective amount of a compound of a salt or a prodrug according to Claim 1 for the 
preparation of a medicament for increasing levels of endogenous growth hormone in a human or other animal. 

29. A pharmaceutical composition which comprises a pharmaceutically acceptable carrier and an effective amount of 
a compound or a stereoisomers mixture thereof, diastereomerically enriched, diastereomerically pure, enantio- 
merically enriched or enantiomerically pure isomer thereof, or a prodrug of such compound, mixture or isomer 
thereof, or a pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug according to claim 1 . 

30. A pharmaceutical composition useful for increasing the endogenous production or release of growth hormone in 
a human or other animal which comprises a pharmaceutically acceptable carrier, a therapeutically effective amount 
of a compound, a salt or a prodrug according to claim 1 and a growth hormone secretagogue selected from the 
group consisting of GHRP-6, Hexarelin, GHRP-1, growth hormone releasing factor (GRF), IGF-1, IGF-2 and 
B-HT920 or an analog thereof. 

31. The use of a therapeutically effective amount of a compound of a salt or a prodrug according to Claim 1 for the 
preparation of a medicament for the treatment of osteoporosis and/or frailty in a human or other animal. 

32. The use of a compound or a prodrug according to Claim 1 which is therapeutically effective in promoting release 
of endogenous growth hormone for the preparation of a medicament for the treatment of diseases or conditions 
which may be treated by growth hormone. 

33. The use according to Claim 32 wherein the disease or condition is congestive heart failure, frailty associated with 
aging or obesity. 

34. The use according to Claim 33 wherein the disease or condition is congestive heart failure. 

35. The use according to Claim 34 wherein the disease or condition is frailty associated with aging. 

36. The use of a compound, a salt or a prodrug according to Claim 1 which is therapeutically effective in promoting 
the release of endogenous growth hormone for the preparation of a medicament for accelerating bone fracture 
repair, attenuating protein catabolic response after a major operation, reducing cachexia and protein loss due to 
acute or chronic illness, accelerating wound healing, or accelerating the recovery of bum patients or patients having 
undergone major surgery. 

37. The use according to Claim 36 wherein the use is for accelerating the recovery of patients having undergone major 
surgery. 

38. The use according to Claim 36 wherein the use is for accelerating bone fracture repair. 
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39. The use of a compound, a salt or a prodrug according to Claim 1 which is therapeutically effective in promoting 
release of endogenous growth hormone for the preparation of a medicament for improving muscle strength, mo- 
bility, maintenance of skin thickness, metabolic homeostasis or renal homeostasis in a human or other animal. 

40. The use of therapeutically effective amounts of a bisphosphonate compound and a compound, a salt or a prodrug 
according to Claim 1 for the preparation of a medicament for the treatment for osteoporosis and/or frailty in a human 
or other animal. 

41 . The use according to Claim 40 wherein the bisphosphonate compound is alendronate. 

42. The use according to Claim 40 wherein the bisphosphonate compound is ibandronate. 

43. The use of therapeutically effective amounts of oestrogen and a compound, a salt or a prodrug according to Claim 
1 and, optionally progesterone for the preparation of a medicament for the treatment of osteoporosis and/or frailty 
in a human or other animal. 

44. The use of therapeutically effective amounts of calcitonin and a compound, salt or prodrug according to Claim 1 
for the preparation of a medicament for the treatment of osteoporosis and/or frailty in a human or other animal. 

45. The use of a compound, a salt or a prodrug according to Claim 1 for the preparation of a medicament which 
increases IGF-1 levels in a human or other animal deficient in IGF-1 . 

46. The use of therapeutically effective amounts of an estrogen agonist or antagonist and a compound, a salt or a 
prodrug according to Claim 1 for the preparation of a medicament for the treatment of osteoporosis and/or frailty. 

47. The use according to Claim 46 wherein the estrogen agonist or antagonist is tamoxifen, droloxifene, raloxifene or 
idoxifene. 

48. The use according to Claim 46 wherein the estrogen agonist or antagonist is 

c/s-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 
(-)-cfe-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydra-naphthalene-2-ol; 
c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; 
cts-l-te'-pyrrolodinoethoxy-S'-pyridyG^-phenyl-e-hydroxy-I^.S^-tetrahydro-naphthalene; 
1-(4'-pyrrolidinoethoxyphenyl)-2-(4°-fluorophenyl)-6-hydroxy-1 ,2,3,4-tetrahydroisoquinoline; 
c/s-6-(4-hydroxyphenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalene-2-ol; or 
1-(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1 ,2,3,4-tetrahydro-isoquinoline. 

49. The use of a therapeutically effective amount of a compound, or a salt or a prodrug according to Claim 1 for the 
preparation of medicament for enhancing growth and improving carcass quality of an animal other than humans. 

50. The use of a therapeutically effective amount of a compound, a salt or a prodrug according to Claim 1 for the 
preparation of a medicament for enhancing feed efficiency in an animal other than humans. 

51. The use of a therapeutically effective amount of a compound, a salt or a prodrug according to Claim 1 for the 
preparation of a medicament for increasing milk production in a female mammal. 

52. The use of therapeutically effective amount of a compound for the preparation of a medicament for increasing 
piglet number, increasing pregnancy rate in sows, increasing viability of piglets, increasing weight of piglets, or 
increasing muscle fibre size in piglets 

53. The use of an amount of a compound, salt or prodrug according to Claim 1 which is therapeutically effective in 
promoting the use of endogenous growth hormone for the preparation of medicament for increasing muscle mass 
in a human or other animal. 

54. The use of a compound, a salt or a prodrug according to Claim 1 which is therapeutically effective in promoting 
the release of endogenous growth hormone for the preparation of medicament for promoting in growth in growth 
hormone deficient children. 
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55. The use of therapeutically effective amounts of a functional somatostatin antagonist and a compound or a prodrug 
according to Claim 1 for the preparation of a medicament for the treatment or prevention of congestive heart failure, 
obesity or frailty associated with ageing in a human or other animal. 

56. The use accordingto Claim 55 wherein the functional somatostatin agonist is an alpha-2 adrenergic agonist and 
the other animal is a dog, cat or horse. 

57. The use according to Claim 56 wherein the alpha-2-adrenergic agonist is clonidine, xylazine, detomidine, or me- 
detomidine. 

58. The use of a therapeutically effective amount of a compound, a salt or a prodrug according to Claim 1 for the 
preparation of a medicament for the treatment of insulin resistance in a mammal. 

59. The use according to Claim 58 wherein the condition associated with insulin resistance is type I diabetes, type II 
diabetes, hyperglycemia, impaired glucose tolerance or an insulin resistant syndrome. 

60. The use according to Claim 58 wherein the condition associated with insulin resistance is associated with obesity 
or old age. 



Patentanspruche 

1 . Verbindung der Formel 




oder ein pharmazeutisch akzeptables Salz oder Prodrug derselben, 
wobei: 

HET ein heterocyclischer Anteil ist ausgewahlt aus der Gruppe bestehend aus 




R 2 aus der Gruppe ausgewahlt ist bestehend aus Wasserstoff, Fluor und (C 1 -C 5 )-Alkyl, das wahlweise durch 
1 -5 Halogruppen substituiert ist; 

R 2 * aus der Gruppe ausgewahlt ist bestehend aus Wasserstoff, SX 6 , OX 6 , -N(X 6 )(X 6 ), (C r C 8 )-Alkyl, -(C„-C 3 ) 

-Alkyl-(C|-C 7 )-Cycloall<yl und -(C 0 -C 3 )-Alkyl-A 1 , worin die Alkylgruppen und die Cycloalkylgruppen wahlweise 

durch Hydroxy, Thio, C(0)OX6, C(0)N(X 8 )(X 6 ), S0 2 N(X 6 )(X 6 ), S(0) m (C 1 -C 6 )-Alkyl, C(0)A1, C(O) (X 6 ), CN 

Oder 1-5 Halogruppen substituiert sind; 

Q fur eine kovalente Bindung Oder CR 9 R 10 steht; 

Z fur C=0, C=S oder S(0) 2 steht; 

R1 fur Wasserstoff, -CN, -(CH 2 ) q N(X6)C(0)X6, -(CH 2 ) q N(X6)C(0)(CH2) t -A 1 , -(CH2) q N(X 6 )S(0) 2 (CH 2 ) t -Ai, 
-(CH 2 ) q N(X6)S(0)2X6, -(CH 2 ) q N(X8)C(0)N(X6)(CH 2 ) t -Al, -(CH 2 ) q N(X6)C(0)N(X6)(Xe), (CH 2 ) q C(0)N(X6)(X6), 
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-(CH 2 ) q C(0)N(X 6 )(CH 2 ) t -Al, -(CH 2 ) q C(0)OX6, -(CH 2 ) q C(0)(0)(CH 2 ) t -Al, -(CH 2 ) q OX6, -(CH 2 ) q OC(0)X6, 
-(CH 2 ) q OC(0) (CH 2 )tAi, -(CH 2 ) q OC(0)N(Xe)(CH 2 ) t -Al, -(CH 2 ) q OC(0)N(X6) (X*), -(CH 2 ) q C(0)X6, -(CH 2 ) q C 
(0)(CH 2 ),-A1, - (CH 2 ) q N(X6)C(0)OX6, -(CH 2 ) q N(X6)S(0) 2 N(X6)(XB), -(CH 2 ) q S(0) m X6, -(CH 2 ) q S(0) (tl (CH 2 ) t - 
A 1 , -(CVC^-Alkyl, -(CH 2 ),-A1, -(CH 2 ) q -(C 3 -C 7 )-Cycloalkyl, -(CH^-YMCVCgVAIkyl, -(CH-^-YMCH^-Ai 
Oder -(CH 2 ) q -Yi-(CH 2 ) t -(C 3 -C 7 )-Cycloalkyl steht; 

wobei die Alkyl- und Cycloalkylgruppen in der Definition von R 1 wahlweise unabhangig durch(C,-C 4 )-Alkyl, 
Hydroxy, (C^C^-Alkoxy, Carboxyl, -CONH 2 , -S(0) m (C 1 -C 6 )-Alkyl, -COa^-C^-Alkylester, 1 H-Tetrazol-5-yl Oder 
1 , 2 oder 3 Fluorgruppen substituiert sind; 

Y1 furO, S(0) m , -C(0)NXS, -CH=CH-, -C=C-, -N(X6)C(0)-, -C(0)NX6-, -C(0)0-, -OC(0)N(XS)- oder-OC(O)- 

steht; 

q 0, 1 , 2, 3 oder 4 betragt, unter dem Vorbehalt, dass q nicht 0 betragen kann, wenn (CH 2 ) q an N oder O 
gebunden ist; 

1 0, 1 , 2 oder 3 betragt; 
m 1 oder 2 betragt; 

R 3 aus der Gruppe ausgewahlt ist bestehend aus A 1 , (C,-C 1() )-Alkyl, -(C^CsJ-Alkyl-A 1 , -(C,-C 6 )-AI- 
kyl-(C 3 -C 7 )-oycloalkyl, -(C v C 5 )-Mky\-XHC v C 5 )-a\ky\, -(C 1 -C 5 )-Alkyl-X 1 -(C 0 -C 5 )-alkyl-A 1 und -(C^CgJ-Alkyl- 
X 1 -(C, -CsJ-alkyl^Ca-CyJ-cycloalkyl ; 

wobei die Alkylgruppen in der Definition von R 3 wahlweise durch -S(0) m (C 1 -C 6 )-Alkyl, -C(0)OX 3 , 1 , 2, 3, 4 
oder 5 unabhangig ausgewahlte Halogruppen oder 1 , 2 oder 3 unabhangig ausgewfihlte -OX 3 -Gruppen substitu- 
iert. sind; 

X 1 furO, S(0) m , -N(X 2 )C(0)-, -C(0)N(X2)-, -OC(O)-, -C(0)0-, -CX^CX 2 -, -N(X2)C(0)0, -OC(0)N(X2)- oder 
-C=Csteht; 

X 2 bei jedem Auftreten unabhangig fur Wasserstoff , wahlweise substituiertes (C|-C 6 )-Alkyl oder wahlweise 
substituiertes (C 3 -C7)-Cycloalkyl steht, wobei das wahlweise substituierte (C 1 -C 6 )-Alkyl und das wahlweise sub- 
stituierte (C 3 -C 7 )-Cycloalkyl in der Definition von X 2 wahlweise unabhangig durch -S(0) m (C 1 -C 6 )-Alkyl, -C(0)OX?, 
1 bis 5 Halogruppen oder 1-3 OX 3 -Gruppen substituiert sind; 

R 4 fur Wasserstoff, {C y C 6 ) -Alkyl Oder (Ca-C^-Cycloalkyl steht, oder R* zusammengenommen ist mit R 3 
und dem Kohlenstoffatom, an das sie gebunden sind und (Cj-C^-Cycloalkyl, (Cg-C^-Cycloalkenyl, einen teilweise 
gesattigten oder vollstandig gesattigten 4-bis 8-gliedrigen Ring mit 1 bis 4 Heteroatome unabhangig ausgewahlt 
aus der Gruppe bestehend aus Sauerstoff, Schwefel und Stickstoff bilden, oder R 4 und R 3 zusammengenommen 
werden konnen, um ein bicyclisches Ringsystem zu bilden bestehend aus einem teilweise gesattigten oder voll- 
standig gesattigten 5- oder 6-gliedrigen Ring, der an einen teilweise gesattigten, vollstandig ungesattigten oder 
vollstandig gesattigten 5- oder 6-gliedrigen Ring fusioniert ist, der wahlweise 1 bis 4 Heteroatome aufweist, die 
unabhangig ausgewahlt sind aus der Gruppe bestehend aus Stickstoff, Schwefel und Sauerstoff; 

X 4 fur Wasserstoff oder (C,-C 6 )-Alkyl steht oder X 4 zusammengenommen ist mit R 4 und dem Stickstoffatom, 
an das X 4 gebunden ist und dem Kohlenstoffatom, an das R 4 gebunden ist, und einen funf- bis siebengliedrigen 
Ring bilden; 

R s fOr eine Bindung oder 



- (CR«Rt>) a -E-(CRaRb) b - steht; 

wobei die -(CR a R b ) a -Gruppe an den Carbonylkohlenstoff der Amidgruppe der Verbindung der Formel I gebunden 
ist und die (CR a R b ) b -Gruppe an das endstandige Stickstoffatom der Verbindung der Formel I gebunden ist; 
E fur -0-, -S-, -CH=CH- steht, 




*(CH 2 ) a 



(CH 2 ) b 
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das wahlweise durch Halo, Hydroxy, -N(R C ) (R c ), (C r C 6 )-Alkyl oder (C r C 8 )-Alkoxy substituiert ist; 

Ra und R b unabhangig fur Wasserstoff, (q-CeJ-Altyl.Trifluormethyl, Phenyl odersubstituiertes (CpCgJ-Alkyl 
stehen, wobel die Substituenten Imidazolyl, Naphthyl, Phenyl, Indolyl, p-Hydroxyphenyl, -OR c , S(0) m R c , C(O) 
OR c , (C 3 -C 7 )-Cycloalkyl, -N(R C )(R C ), -C(0)N(R e ) (R c ) sind; oder R a und R b unabhangig an eines oder beide von 
R 7 oder E angeknupft seln konnen (wobei es sich bei E nicht urn O, S oder -CH=CH- handelt) unter Bildung einer 
Alkylenbriicke zwischen dem endstandigen Stickstoff- und dem Alkylteil der R 8 - oder R b - und der R 7 - oder E-Grup- 
pe, wobel die Briicke 1 bis 8 Kohlenstoffatome enthalt; oder R a und R b aneinander angeknupft seln konnen unter 
Bildung eines (C 3 -C 7 )-Cycloalkyls; 

R c fur Wasserstoff oder (C|-C 6 )-Cycloalkyl steht; 

a und b unabhangig 0,1,2 oder 3 betragen, unter dem Vorbehalt, dass, wenn E fur -O- oder -S- steht, y 
nicht 0 oder 1 betragt und unter dem weiteren Vorbehalt, dass, wenn E fur -CH=CH- steht, y nicht 0 betragt; 

X 5 und X 58 jeweils unabhangig aus der Gruppe ausgewahlt sind bestehend aus Wasserstoff, CF 3 , A 1 und 
wahlweise substituiertem (C r C 6 )-Alkyl; 

das wahlweise substituierte (C,-C 6 )-Alkyl in der Definition von X 5 und X 58 wahlweise durch einen Substitu- 
enten substituiert ist ausgewahlt aus der Gruppe bestehend aus A 1 , OX 2 , -S(0) m (C r C 6 ) -Alkyl, -C(0)OX 2 , (C^-Cy) 
-Cycloalkyl, -NfX 2 ) (X 2 ) und -C(0)N(X 2 ) (X 2 ); 

oder der X 5 oder X 58 tragende Kohlenstoff eine oder zwei Alkylenbrucken mit dem R 7 und R 8 tragenden 
Stickstoffatom bildet, wobei jede Alkylenbriicke 1 bis 5 Kohlenstoffatome enthalt, vorausgesetzt, dass, wenn eine 
Alkylenbriicke gebildet ist, nur eines von X 5 oder X 58 sich an dem Kohlenstoffatom befindet und nur eines von R 7 
oder R 8 sich an dem Stickstoffatom befindet, und des Weitere vorausgesetzt, dass, wenn zwei AlkylenbrQcken 
gebildet werden, X s und X 58 nicht am Kohlenstoffatom und R 7 und R 8 nicht am Stickstoffatom sein konnen; 

oder X s zusammengenommen ist mit X 58 und dem Kohlenstoffatom, an das sie gebunden sind und einen 
teilweise gesattigten oder vollstandig gesattigten 3-bis 7-gliedrigen Ring oder einen teilweise gesattigten oder 
vollstandig gesattigten 4- bis 8-gliedrigen Ring bilden, der 1 bis 4 Heteroatome aufweist, die unabhangig aus der 
Gruppe ausgewahlt sind bestehend aus Sauerstoff, Schwefel und Stickstoff; 

oder X 5 zusammengenommen ist mit X 58 und dem Kohlenstoffatom an das sie gebunden sind und ein bi- 
cyclisches Ringsystem bilden bestehend aus einem teilweise gesattigten Oder vollstandig gesattigten 5-oder 
6-gliedrigen Ring, der wahlweise 1 oder 2 Heteroatome auf weist, die unabhangig ausgewahlt sind aus der Gruppe 
bestehend aus Stickstoff, Schwefel und Sauerstoff, fusioniert an einen teilweise gesattigten, vollstandig gesattigten 
oder vollstandig ungesattigten 5- oder 6-gliedrigen Ring, der wahlweise 1 bis 4 Heteroatome aufweist, unabhangig 
ausgewahlt aus der Gruppe bestehend aus Stickstoff, Schwefel und Sauerstoff; 

Z 1 fur eine Bindung, O oder N-X 2 steht, vorausgesetzt dass, wenn a und b beide 0 betragen, Z 1 nicht fur 
N-X 2 oder O steht; 

R 7 und R 8 jeweils unabhangig fur Wasserstoff oder wahlweise substituiertes (C,-C 6 )-Alkyl stehen; 
wobei das wahlweise substituierte (C 1 -C 6 )-Alkyl in der Definition von R 7 und R 8 wahlweise unabhangig durch 
A 1 ,-C(0)0-(C 1 -C 6 )-Alkyi, 

-SfO^fCi-CgJ-Alkyl, 1 bis 5 Halogruppen, 1 bis 3 Hydroxygruppen, 1 bis 3 -O-CfOXC^CioJ-Alkylgruppen 
oder 1 bis 3 (C 1 -C 6 )-Alkoxygruppen substituiert ist; oder 

R 7 und R 8 zusammengenommen werden konnen unter Bildung von (CH 2 ) ,-L- (CH 2 ) r -; wobei L fur C (X 2 ) 
(X 2 ), S(0) m oder NfX 2 ) steht; 

R 9 und R 10 jeweils unabhangig ausgewahlt sind aus der Gruppe bestehend aus Wasserstoff, Fluor, Hydroxy 
und (C r C 5 )-Alky! wahlweise unabhangig substituiert durch 1-5 Halogruppen; 

A 1 bei jedem Auftreten, unabhangig ausgewahlt ist aus der Gruppe bestehend aus (Cg-C^-Cycloalkenyl, 
Phenyl, einem teilweise gesattigten, vollstandig gesattigten oder vollstandig ungesattigten 4- bis 8-gliedrigen Ring, 
der wahlweise 1 bis 4 Heteroatome aufweist, die unabhangig ausgewahlt sind aus der Gruppe bestehend aus 
Sauerstoff, Schwefel und Stickstoff und einem bicyclischen System bestehend aus einem teilweise gesattigten, 
vollstandig ungesattigten oder vollstandig gesattigten 5- Oder 6-gliedrigen Ring, der wahlweise 1 bis 4 Heteroatome 
aufweist, die unabhangig ausgewahlt sind aus der Gruppe bestehend aus Stickstoff, Schwefel und Sauerstoff, 
fusioniert an einen teilweise gesattigten , vollstandig gesattigten oder vollstandig ungesattigten 5- oder 6-gliedrigen 
Ring, der wahlweise 1 bis 4 Heteroatome aufweist, die unabhangig ausgewahlt sind aus der Gruppe bestehend 
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aus Stickstoff, Schwefel und Sauerstoff; 

A 1 bei jedem Auftreten, unabhangig wahlweise an einem oder wahlweise beiden Ringen substituiert ist, wenn 
A 1 ein bicyclisches Ringystem mit bis zu drei Substituenten ist, wobei jeder Substituent unabhangig ausgewahlt 
ist aus der Gruppe bestehend aus F, CI, Br, I, OCF 3 , OCF 2 H, CF 3 , CH 3 , OCH 3 , -OX 6 , 

-C(0)N(X6)(X6), -C(0)OX 8 , Oxo, (C^-Alkyl, Nitro, Cyano, Benzyl, -S(0) m (C 1 -C 6 )-Aikyl, 1 H-Tetrazol-5-yl, 
Phenyl, Phenoxy, Phenylalkyloxy, Halophenyl, Methylendioxy, -N^X 6 ), -NfX^COHX 6 ), -S(0) 2 N(X 6 ) (X 6 ), 

-N(X 6 )S(0) 2 -phenyl, -N(X e )S(0) 2 X 6 , -CONX 11 X 12 , -S(0)2NX 11 X 12 , -NX 6 S<0) 2 X 12 , -NXSCONX^X 12 , -NX 6 S 
(0) 2 NX 11 X 12 , -NX 6 C(0)X 12 , Imidazolyl, Thiazolyl und Tetrazolyl, vorausgesetzt dass, wenn A 1 wahlweise durch 
Methylendioxy substituiert ist, es nur durch ein Methylendioxy substituiert sein kann; 

wobei X 11 fur Wasserstoff Oder wahlweise substituiertes (C r C 6 )-Alkyl stent; 

das wahlweise substituierte(C.,-C 6 )-Alkyl, das fur X" definiert ist, wahlweise unabhangig durch Phenyl, 
Phenoxy, (C|-C 6 ) -Alkoxycarbonyl, -S(0) m (C 1 -C e )-Alkyl, 1 bis 5 Halogruppen, 1 bis 3 Hydroxygruppen, 1 bis 3 
(C^C^-AIkanoyloxygruppen Oder 1 bis 3 (C r C 6 )-Alkoxygruppen substituiert ist; 

X 12 Kir Wasserstoff, (C^^-Alkyl, Phenyl, Thiazolyl, Imidazolyl, Furyl oder Thienyl steht, vorausgesetzt 
dass, wenn X 12 nicht fur Wasserstoff steht, die X 12 -Gruppe wahlweise durch einen bis drei Substituenten substi- 
tuiert ist, die unabhangig ausgewahlt sind aus der Gruppe bestehend aus CI, F, CH 3 , OCH 3 , OCF 3 und CF 3 ; 

oderX 11 und X 12 zusammengenommen werden unter Bildung von - (CH 2 ) r -L 1 -(CH 2 ) r -; 

U fur C(X 2 ) (X 2 ), O, S(0) m oder N(X 2 ) steht; 

r bei jedem Auftreten, unabhangig 1 , 2 oder 3 betragt; 

X 2 bei jedem Auftreten, unabhangig fur Wasserstoff, wahlweise substituiertes (C r C 6 )-Alkyl oder wahlweise 
substituiertes (C 3 -C 7 )-Cycloalkyl steht, wobei das wahlweise substituierte (C r C 6 )-Alkyl und wahlweise substitu- 
ierte (C 3 -C 7 )-Cycloalkyl in der Definition von X 2 wahlweise unabhangig durch -S(0) m (C 1 -C 6 )-Alkyl,-C(0)OX 3 , 1 
bis 5 Halogruppen oder 1 -3 OX 3 -Gruppen substituiert sind; 

X 3 bei jedem Auftreten unabhangig fur Wasserstoff oder (C,-C 6 )-Alkyl steht; 

X 6 bei jedem Auftreten, unabhangig fur Wasserstoff, wahlweise substituiertes (C r C 6 )-Alkyl, halogeniertes 
(C 2 -C 6 )-Alkyl, wahlweise substituiertes (C 3 -C 7 )-Cycloalkyl, halogeniertes (C 3 -C 7 )-Cycloalkyl steht, wobei wahl- 
weise substituiertes (C r C 6 )-Alkyl und wahlweise substituiertes (C 3 -C 7 )-Cycloalkyl in der Definition von X 6 wahl- 
weise unabhangig durch (C^C^-Alkyl, Hydroxy, (C 1 -C 4 )-Alkoxy, Carboxyl, CONH 2 , S(0) m (C 1 -C 6 )-Alkyl, Carboxy- 
lat (C|-C 4 )-Alkylester oder 1 H-Tetrazol-5-yl mono- oder disubstituiert sind; oder wenn zwei X^-Gruppen an einem 
Atom vorliegen und beide X s unabhangig fur (C 1 -C 6 )-Alky) stehen, die beiden (C 1 -C s )-Alkylgnjppen wahlweise 
miteinander verkniipft sein konnen und, zusammen mit dem Atom, an das die zwei X 6 -Gruppen gebunden sind, 
einen 4- bis 9-gliedrigen Ring bilden, der wahlweise Sauerstoff, Schwefel oder NX 7 als Ringglied aufweist; 

X 7 fur Wasserstoff oder (C-pCeJ-Alkyl steht, das wahlweise durch Hydroxy substituiert ist; 

m bei jedem Auftreten, unabhangig 0, 1 oder 2 betragt; 

unter dem Vorbehalt, dass: 

X 6 und X 12 nicht fur Wasserstoff stehen konnen, wenn sie an C(O) oderS(0) 2 in Form von C(0)X 6 , C(0)X 12 , 
S(0) 2 X 6 oder SfO)^ 12 gebunden sind; und 

wenn R 6 eine Bindung ist, Lfflr NJX 2 ) steht undjedes r in der Definition -(CH 2 ) r -L-(CH 2 ) r - unabhangig 2 oder 
3 betragt. 

Verbindung, Salz oder Prodrug nach Anspruch 1 , wobei: 

R 4 f iir Wasserstoff oder Methyl steht; X 4 fur Wasserstoff steht; 
R6fur 




\CH 2 ) a (CH2) b 



steht, 

wobei Z 1 fur eine Bindung steht und a 0 oder 1 betragt; X 5 und X 59 jeweils unabhangig ausgewahlt sind aus der 
Gruppe bestehend aus Wasserstoff, CF 3 , Phenyl und wahlweise substituiertem (C r C 6 )-Alkyl; 
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wobei das wahlweise substituierte (C 1 -C 6 )-Alkyl in der Definition von X 5 und X 5a wahlweise durch OX 2 Oder 
A 1 substituiert ist; 

wobei A 1 in der Definition von X 5 und X^fur Imidazolyl, Phenyl, Indolyl, p-Hydroxyphenyl, (C 5 -C7)-Cycloalkyl, 
-S(0) m (C 1 -C 6 )-Aikyl, -N(X2)(X2) Oder 
-C(0)N(X 2 )(X 2 ) stent; 
R 7 fur Wasserstoff Oder (C^-Alky! steht; 

oder X s und R 7 zusammengenommen werden und eine (Ci-C 5 )-Alkylenbrucke bilden; und 

R 8 fur Wasserstoff oder (C|-C 3 )-Alkyl steht, das wahlweise durch eine oder zwei Hydroxygruppen substituiert 

ist. 

Verbindung, Salz oder Prodrug nach Anspruch 2, wobei b 0 betragt; X 5 und X 58 jeweils unabhangig ausgewahlt 
sind aus der Gruppe bestehend aus Wasserstoff, (C,-C 3 )-Alkyl und HydroxylC^C^-alkyl; und 

R 3 aus der Gruppe ausgewahlt ist bestehend aus Thienyi-CH 2 -0-CH 2 -, Pyridyl-CH 2 -0-CH 2 -, Thiazolyl-CH 2 - 
0-CH 2 -, 1-lndolyl-CH 2 -, 2-lndolyl-CH 2 -, 3-lndolyl-CH 2 -, 1-Naphthyl-CH 2 -, 2-Naphthyl-CH 2 -, 1-Benzimidazo- 
lyl-CH 2 -, 2-Benzimidazolyl-CH 2 -, Phenyi-(C 1 -C 4 )-alkyl l 2-Pyridyl-(C r C4-alkyl, 3-Pyridyl-(C 1 -C 4 )-alkyl. 4-Pyri- 
dyl-(C r C 4 )-alkyl-, Phenyl-CH 2 -S-CH 2 -, ThienyH^-C^-alkyl-, Phenyl-(C 0 -C 3 )-alkyl-O-CH 2 -, Phenyl-CH 2 -0-phe- 
nyl-CH 2 , Phenyl-0-CH 2 -CH 2 - und 3-Benzothienyl-CH 2 -; 

wobei der Arylanteil bzw. die Arylanteile der Gruppen, die fur R 3 definiert sind, jeweils wahlweise durch einen 
bis drei Substituenten substituiert sind, 

wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend aus Methylendioxy, F, CI, CH 3 , 
OCH 3 , OCF3, OCF 2 H und CF 3 . 

Verbindung, Salz oder Prodrug nach Anspruch 3, wobei: 

R 4 fur Wasserstoff steht; a 0 betragt; 

X s und X 5a jeweils unabhangig ausgewahlt sind aus der Gruppe bestehend aus Wasserstoff, Methyl oder 
Hydroxymethyl, vorausgesetzt dass, wenn X 5 fur Wasserstoff steht, X 53 nicht fur Wasserstoff steht; 
R 7 und R 8 jeweils fur Wasserstoff stehen; und 

R 3 aus der Gruppe ausgewahlt ist bestehend aus 3-lndolyl-CH 2 -, 1-Naphthyl-CH 2 -, 2-Naphthyl-CH 2 -, Phe- 
nyl-(C r C 4 ) -alkyl-, 2-Pyridyl-(C 1 -C 4 )-alkyl-, 3-Pyridyl- (C^C^-alkyl, 4-Pyridyl-(C 1 -C 4 )-alkyl, Phenyl-CH 2 - 
S-CH 2 -, Thienyl-fCa-C^-alkyl, Phenyl-(Co-C 3 )-alkyl-0-CH2-, 3-Benzothienyl-CH 2 -, Thienyl-CH 2 -0-CH 2 -, 
Thiazoiyl-CH 2 -0-CH 2 -, Pyridyl-CH 2 -0-CH 2 - und Phenyi-0-CH 2 -CH 2 -; 

wobei der Arylanteil bzw. die Arylanteile der Gruppen, die fur R 3 definiert sind, jeweils wahlweise durch einen 
bis drei Substituenten substituiert sind, 

wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend aus Methylendioxy, F, CI, CH 3 , 
OCH3, OCF3, OCF 2 H und CF 3 . 

Verbindung, Salz oder Prodrug nach Anspruch 4, wobei: 

R1 fur -(CH 2 ) t -Ai, -(CH^Cg-C^-Cycloalkyl oder (C r C 10 )-A!kyl steht; 

A 1 in der Definition von R 1 fur Phenyl, Pyrldyl, Thiazolyl oder Thienyl steht, das wahlweise durch einen bis 
drei Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe beste- 
hend aus F, CI, CH 3 , OCH3, OCF 2 H, OCF 3 und CF 3 ; 

die Cycloalkyl- und Alkylgruppen in der Definition von R 1 wahlweise durch (Ci-C 4 )-AIkyl, Hydroxy, (CpC^ 
-Alkoxy oder 1 bis 3 Fluoratome substituiert sind; 
q 1 oder 2 betragt; 1 1 oder 2 betragt; 

R 3 fur Phenyl-CH 2 -0-CH 2 -. Phenyl-CH 2 -S-CH 2 -, Pyridyl-CH 2 -C-CH 2 -, Thienyl-CH 2 -C-CH 2 -, Thiazolyl-CH 2 - 
0-CH 2 -, Phenyl-(CH 2 ) 3 - oder 3-lndolyl-CH 2 - steht; 

wobei das Kohlenstoffatom, das den Substituent R 3 tragi, die (R)-Konfiguration aufweist; 

wobei der Arylanteil der fur R 3 definierten Gruppen wahlweise durch einen bis drei Substituenten substituiert 
ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend aus F, CI, CH 3 , OCH 3 , OCF 2 H, 
OCFg und CF 3 ; und 

X 5 und X 58 jeweils fiir Methyl stehen. 

Verbindung, Salz oder Prodrug nach Anspruch 5, wobei HET fiir 
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R 2 * 

steht 

7. Verbindung, Salz Oder Prodrug nach Anspruch 6, wobei Z fur C=0 steht; Q fur eine kovalente Bindung steht. 

8. Verbindung, Salz oder Prodrug nach Anspruch 7, wobei: 

Ft 2 fur Wasserstoff oder (C r C 3 )-Alkyl steht, wobei das Alkyl wahlweise substituiert ist durch 1 -3 Fluorgruppen; 
R2* fur -SX* steht; 

X 6 fur (C^CgJ-Alkyl oder (C 3 -C 6 )-Cycloalkyl steht, 



wobei das Alkyl und Cycloalkyl wahlweise durch ein bis drei Halogene substituiert sein konnen. 

9. Verbindung, Salz Oder Prodrug nach Anspruch 8, wobei: 

R 1 fur -CH 2 -A 1 steht, wobei A 1 fur Phenyl, Pyridyl oder Thiazolyl steht, das wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF a H, OCF 3 und CF 3 ; und 

R 3 aus der Gruppe ausgewahlt ist bestehend aus 3-lndolyl-CH 2 -, Phenyl-(CH 2 ) 3 -, Phenyl-CH 2 -0-CH 2 - und 
Thiazoiyl-CH 2 -0-CH 2 -, wobei der Arylanteil der fur R 3 definierten Gruppen wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 . 

10. Verbindung, Salz oder Prodrug nach Anspruch 9, 

wobei die Verbindung die 8a(R,S),1 (R)-diastereomere Mischung, das 8a(R),1 (R)-Diastereomer oder das 8a(S),1 
(R)-Dlastereomer des 2-Amino-N-{1(R)-benzyloxymethyl-2-[8a-(4-fluorbenzyl)-6-methylsulfanyl-8-oxo-3,4,8,8a- 
tetrahydro-1 H-pyrrol[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamids ist. 

11. Verbindung, Salz oder Prodrug nach Anspruch 7, wobei: 

R 2 fur Wasserstoff oder (C r C 3 )-Alkyl steht, wobei das Alkyl wahlweise durch 1 -3 Fluorgruppen substituiert ist; 
R ZA fiir-N(X 6 )(X 6 ) steht; 

X 6 bei jedem Auftreten unabhangig fur Wasserstoff, wahlweise substituiertes (C 1 -C 3 )-Alkyl, f luoriertes (C 2 -C 3 ) 
-Alkyl, wahlweise substituiertes (C 3 -C 6 )-Cycioalkyl, fluoriertes (C 3 -C 6 )-Cycloalkyl steht, wobei, wenn zwei X 6 - 
Gruppen an einem Atom vorliegen und beide X 6 unabhangig fur (^-C^-Alkyl stehen, die beiden (C r C 3 ) 
-Alkylgruppen wahlweise verkniipft sein konnen und zusammen mit dem Atom, an das die beiden X 6 -Gruppen 
gebunden sind, einen 4- bis 6-gliedrigen Ring bilden, der wahlweise Sauerstoff ais ein Ringglied aufweist. 



12. Verbindung, Salz oder Prodrug nach Anspruch 11 
wobei: 



R 1 fur -CH-j-A 1 steht, wobei A 1 fur Phenyl, Pyridyl oder Thiazolyl steht, das wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 ; und 

R 3 aus der Gruppe ausgewahlt ist bestehend aus 3-lndolyl-CH 2 -, Phenyl-(CH 2 ) 3 - Phenyl-CH 2 -0-CH 2 - und 
Thiazolyl-CH 2 -0-CH 2 -, wobei der Arylanteil der fur R 3 definierten Gruppen wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 . 

13. Verbindung, Salz oder Prodrug nach Anspruch 12, wobei die Verbindung die 8a(R,S),1(R)-diastereomere Mi- 
schung, das 8a(R),1 (R)-Diastereomer oder das 8a(S),1 (R)-Diastereomer der Verbindung ist, ausgewahlt aus der 
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Gruppe bestehend aus 2-Amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-f luorbenzyl)-8-oxo-6-pyrrolidin-1 -yl-3,4,8,8a- 
tetrahydro-1 H-pyrrol[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methylpropionamid Oder 2-Amino-N-{1 (R)-benzyloxyme- 
thyl-2-[8a-(4-fluorbenzyl)-6-morpholin-4-yl-8-oxo-3,4,8,8a-tetrahydro-1Hpyrrol[1,2-a]pyrazin-2-yl]-2-oxo 
2-methylpropionamid. 

14. Verbindung, Salz oder Prodrug nach Anspruch 7 
wobei: 

R z fur Wasserstoff oder (C r C 3 )-Alkyl steht, wobei das Alkyl wahlweise durch 1-3 Fluorgruppen substituiert ist; 
R2A fur Wasserstoff, -(C 1 -C 4 )-Alkyl, -(Co-CaVAIkyHC^CsJ-cycloalkyl, -(C 0 -C 2 )-Alkyl-Ai steht, wobei die Al- 
kylgruppen wahlweise durch 1-3 Fluorgruppen substituiert sind; 

A 1 fur Phenyl, Pyridyl oderThiazolyl steht, das wahlweise durch einen bis zwei Substituenten substituiert ist, 
wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend aus F, CI, CH 3 , OCF 2 H, OCF 3 , 
und CF 3 . 

15. Verbindung, Salz oder Prodrug nach Anspruch 14 
wobei: 

R 1 fur -CH 2 -A 1 steht, wobei A 1 fur Phenyl, Pyridyl oder Thiazolyl steht, das wahlweise durch einen bis drei 
Substituenten substituiert Ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 ; und 

R 3 aus der Gruppe ausgewahlt ist bestehend aus 3-lndolyl-CH 2 -, Phenyl - (CH 2 ) 3 -, Phenyl-CH 2 -0-CH 2 - und 
Thiazoiyl-CH 2 -0-CH 2 -, wobei der Arylanteil der fur R 3 definierten Gruppen wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 . 

16. Verbindung, Salz oder Prodrug nach Anspruch 15 

wobei die Verbindung die 8a(R,S),1 (R)-diastereomere Mischung, das 8a(R),1 (R)-Diastereomer oder das 8a(S),1 
(R)-Diastereomer der Verbindung ist ausgewahlt aus der Gruppe bestehend aus 2-Amino-N-{1 (R)-benzyloxyme- 
thyl-2-[8a-(4-fluorbenzyl)-8-oxo-3,4,8,8atetrahydro-1H-pyrrol[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methylpropion- 
amid, 2-Amino-N-[1(R)-benzyloxymethyl-2-oxo-2-(8-oxo-6-pyridin-2-yl-8a-pyridin-2-ylmethyl-3,4,8,8a-tetrahydro- 
1 H-pyrrol[1 ,2-a]pyrazin-2-yl)-ethyl]-2-methylpropionamid oder 2-Amino-N-[2-(8abenzyl-6-ethyl-8-oxo-3,9,8,8a-te- 
trahydro-1 H-pyrrol[1 ,2-a]pyrazin-2-yl)-1 (R)-benzyloxymethyl-2-oxo-ethyl]-2-methylpropionamid. 

17. Verbindung, Salz oder Prodrug nach Anspruch 5, 
wobei HETfiir 



18. Verbindung, Salz oder Prodrug nach Anspruch 1 7, wobei Z fur C=0 steht; Q fur eine kovalente Bindung steht. 

19. Verbindung, Salz oder Prodrug nach Anspruch 18 
wobei: 

R 2 fur Wasserstoff oder (C 1 -C 3 )-Alkyl steht, wobei das Alkyl wahlweise durch 1 -3 Fluorgruppen substituiert ist; 
R 2A fur -OX 6 steht; 

X 6 fur (C r C 3 )-Alkyl oder (C 3 -C 6 )-Cycloalkyl steht, 
wobei das Alkyl und Cycloalkyl wahlweise durch ein bis drei Halogene substituiert sein konnen. 

20. Verbindung, Salz oder Prodrug nach Anspruch 19, wobei: 




steht. 
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R 1 fur -CH 2 -A 1 steht, wobei A 1 fur Phenyl, Pyrldyl Oder Thiazolyl steht, das wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent unabhangig aus der Gruppe ausgewahlt ist bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 ; und 

R3 aus der Gruppe ausgewahlt ist bestehend aus 3-lndolyl-CH 2 -, Phenyl- (CH 2 ) 3 -, Phenyl-CH 2 -0-CH 2 - und 
5 Thiazolyl-CH 2 -0-CH 2 -, wobei der Arylanteil der fur R 3 definierten Gruppen wahlweise durch einen bis drei 

Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 . 

21. Verbindung, Salz oder Prodrug nach Anspruch 20, wobei die Verbindung die 8a(R,S), 1 (R)-diastereomere Mi- 
ff schung, das 8a(R),1 (R)-Diastereomer oder das 8a(S),1 (R)-Diastereomer der Verbindung ist ausgewahlt aus der 

Gruppe bestehend aus 2-Amino-N-[1 (R)-benzyloxymethyl-2-(8-methoxy-6-oxo-8a-pyridin-2-ylmethyl-3,4,6,8a-te- 
trahydro-1 H-pyrrol[1 ,2-a]pyrazin-2-yl)-2-oxo-ethyl]-2-methylpropionamid, 2-Amino-N-{1 (R)-benzyloxymethyl- 
2-[8a-(4-fluorbenzyl)-8-methoxy-6-oxo-3,9,6,8a-tetrahydro-1H-pyrrol[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl- 
proplonamid, 2-Amino-N-{1(R)-benzyloxymethyl-2-[8a-(4-fluorbenzyl)-8-methoxy-7-methyl-6-oxo-3,4,6,8a-tetra- 
hydro-1 H-pyrrol[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl)-2-methylpropionamid. 

22. Verbindung, Salz oder Prodrug nach Anspruch 18, wobei: 

R 2 fur Wasserstoff, -(C r C 4 )-Alkyl, -(C 0 -C 2 )-/K\\(y\-{C v C 6 ) -cycloalkyl, - -(C 0 -C 2 )-Alkyl-A 1 steht, wobei die Al- 
so kylgruppen wahlweise durch 1 -3 Fluorgruppen substituiert sind; 

A 1 fur Phenyl, Pyridyl oder Thiazolyl steht, das wahlweise durch einen bis zwei Substituenten substituiert ist, 
wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend aus F, CI, CH 3 , OCF 2 H, OCF 3 , 
und CF 3 ; 

R 2 * fur -NJX 6 ) (X 6 ) steht; 

25 X s bei jedem Auftreten unabhangig fiir Wasserstoff, wahlweise substituiertes (C 1 -C 3 )-Alkyl, fluoriertes (C 2 -C 3 ) 

-Alky I, wahlweise substituiertes (C 3 -C 6 )-Cycloalkyl, fluoriertes (C 3 -C 6 )-Cycloalkyl steht, wobei, wenn zwei X 6 - 
Gruppen an einem Atom vorliegen und beide X 6 unabhangig fiir (C 1 -C 3 )-Alkyl stehen, die beiden (C r C 3 ) 
-Alkylgruppen wahlweise verkniipft sein konnen und zusammen mit dem Atom, an das die beiden X 6 -Gruppen 
gebunden sind, einen 4- bis 6-gliedrigen Ring bilden, der wahlweise Sauerstoff als ein Ringglied aufweist. 

30 

23. Verbindung, Salz oder Prodrug nach Anspruch 22 
wobei: 

R1 fur -CH 2 -A 1 steht, wobei A 1 fur Phenyl, Pyridyl oder Thiazolyl steht, wahlweise substituiert durch einen bis 
35 drei Substituenten, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend aus F, CI, 

CH 3 , OCH 3 , OCF 2 H, OCF3 und CF 3 ; und 

R 3 aus der Gruppe ausgewahlt ist bestehend aus 3-lndolyl-CH 2 -, Phenyl-(CH 2 ) 3 -, Phenyl-CH 2 -0-CH 2 - und 
Thiazolyl-CH 2 -0-CH 2 -, wobei der Arylanteil der fiir R 3 definierten Gruppen wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
40 aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 . 

24. Verbindung, Salz oder Prodrug nach Anspruch 23, 

wobei die Verbindung die 8a(R,S),1 (R)-diastereomere Mischung, das 8a(R),1 (R)-Diastereomer oder das 8a(S),1 
(R)-Diastereomer der Verbindung ist ausgewahlt aus der Gruppe bestehend aus 2-Amino-N-{1 (R)-benzyloxyme- 
45 thyl-2-[8a-(4-fluorbenzyl)-6-oxo-8-pyrrolidin-1 -yl-3,4,6,8a-tetrahydro-1 H-pyrrol[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}- 
2-methylpropionamld oder 2-Amino-N-{1(R)-benzyloxymethyl-2-[8a-(4-fluorbenzyl)-8-morpholin-4-yl-6-oxo- 
3,4,6,8a-tetrahydro-1Hpyrrol[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methylpropionamid. 

25. Verbindung, Salz oder Prodrug nach Anspruch 1 8, wobei: 

50 

R 2 fur Wasserstoff oder (C r C 3 )-Alkyl steht, wobei das Alkyl wahlweise durch 1 -3 Fluorgruppen substituiert ist; 
R 2A fur Wasserstoff, -(C r C 4 )-Alkyl, -(C 0 -C 2 )-Alkyl-(C 1 -C 6 )-cycloalkyl, -(C 0 -C 2 ) -Alkyl-Ai steht, wobei die Al- 
kylgruppen wahlweise durch 1-3 Fluorgruppen substituiert sind; 

A 1 fQr Phenyl, Pyridyl oder Thiazolyl steht, das wahlweise durch einen bis zwei Substituenten substituiert ist, 
55 wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend aus F, CI, CH 3 , OCF 2 H, OCF 3 , 

und CF 3 . 

26. Verbindung, Salz oder Prodrug nach Anspruch 25, wobei: 
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R 1 fur -CH 2 -A 1 steht, wobei A 1 fur Phenyl, Pyridyl oder Thiazolyl steht, das wahlweise durch einen bis drei 
Substituenten substituiert ist, wobei jeder Substituent abhangig ausgewahlt ist aus der Gruppe bestehend aus 
F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 ; und 

R3 aus der Gruppe ausgewahlt ist bestehend aus 3-lndolyl-CH 2 -, Phenyl-(CH 2 ) 3 -, Phenyl-CH 2 -0-CH 2 - und 
Thiazolyl-CH 2 -0-CH 2 -, wobei der Arylanteil der fur R 3 definierten Gruppen wahlweise durch einen bis drei 
Substituenten substituiert Ist, wobei jeder Substituent unabhangig ausgewahlt ist aus der Gruppe bestehend 
aus F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 und CF 3 . 

27. Verbindung, Salz Oder Prodrug nach Anspruch 26, wobei die Verbindung die 8a(R,S),1(R)-diastereomere Mi- 
schung, das 8a(R),1(R)-Diastereomer oder das 8a(S),1(R)-Diastereomer von 2-Amino-N-[2-(8a-benzyl-6-oxo- 
3,6,8a-tetrahydro-1 H-pyrrol[1 ,2-a]pyrazin-2-yl)-1 (R)-benzyloxymethyl-2-oxo-ethyl]-2-methylpropionamid ist. 

28. Verwendung einer therapeutisch wirksamen Menge einer Verbindung, eines Salzes oder eines Prodrugs nach 
Anspruch 1 fur die Zubereitung eines Medikaments fur das Erhohen der endogenen Wachstumshormonspiegel 
bei einem Menschen oder anderen Tier. 

29. Pharmazeutische Zusammensetzung, die einen pharmazeutisch akzeptablen Trager und eine wirksame Menge 
einer Verbindung oder einer stereoisomeren Mischung derselben, eines diastereomer angereicherten, diastereo- 
mer reinen, enantiomer angereicherten oder enantiomer reinen Isomers derselben, oder eines Prodrugs einer 
derartigen Verbindung, Mischung oder Isomers derselben, oder ein pharmazeutisch akzeptables Salz der Verbin- 
dung, des Isomers oder des Prodrugs nach Anspruch 1 umfasst. 

30. Pharmazeutisch akzeptable Zusammensetzung, die fur das Erhdhen der endogenen Erzeugung oder Freisetzung 
von Wachstumshormon in einem Menschen Oder anderen Tier nutzlich ist, die einen pharmazeutisch akzeptablen 
Trager, eine therapeutisch wirksame Menge einer Verbindung, eines Salzes oder eines Prodrugs nach Anspruch 
1 und ein Wachstumshormonsekretagogum umfasst ausgewahlt aus der Gruppe bestehend aus GHRP-6, He- 
xarelin, GHRP-1, Wachstumshormon-Freisetzungsfaktor (GRF), IGF-1, IGF-2 und B-HT920 oder einem Analog 
derselben. 

31. Verwendung einer therapeutisch wirksamen Menge einer Verbindung eines Salzes oder Produgs nach Anspruch 
1 fur die Zubereitung eines Medikaments fur die Behandlung der Osteoporose und/oder Gebrechlichkeit bei einem 
Menschen oder anderen Tier. 

32. Verwendung einer Verbindung oder eines Prodrugs nach Anspruch 1 , die bzw. das therapeutisch wirksam ist zum 
Fordern des Freisetzens von endogenem Wachstumshormon fur die Zubereitung eines Medikaments fur das Be- 
handeln von Krankheiten oder krankhaften Zustanden, die durch Wachstumshormone behandelt warden konnen. 

33. Verwendung nach Anspruch 32, wobei es sich bei der Krankheit oder dem krankhaften Zustand um dekompen- 
sierte Herzinsuffizienz, mit dem Altem verbundene Gebrechlichkeit oder Fettleibigkeit handelt. 

34. Verwendung nach Anspruch 33, wobei es sich bei der Krankheit oder dem krankhaften Zustand um dekompen- 
sierte Herzinsuffizienz handelt. 

35. Verwendung nach Anspruch 34, wobei es sich bei der Krankheit oder dem krankhaften Zustand um mit dem Altern 
verbundene Gebrechlichkeit handelt. 

36. Verwendung einer Verbindung, eines Salzes oder eines Prodrugs nach Anspruch 1 , das therapeutisch wirksam 
ist zum Fordern des Freisetzens eines endogenen Wachstumshormons fur die Zubereitung eines Medikaments 
fur das Beschleunigen der Knochenbruchreparierung, des Milderns der katabolischen Proteinreaktion nach einer 
schweren Operation, des Reduzierens der Kachexie und des Proteinverlusts auf Grund einer akuten oderchro- 
nischen Krankheit, des Beschleunigens der Wundheilung oder des Beschleunigens der Genesung von Patienten 
mit Verbrennungen oder Patienten, die eine schwere Operation durchgemacht haben. 

37. Verwendung nach Anspruch 36, wobei die Verwendung dem Beschleunigen der Genesung von Patienten dient, 
die eine schwere Operation durchgemacht haben. 

38. Verwendung nach Anspruch 36, wobei die Verwendung dem Beschleunigen des Reparierens eines Knochen- 
bruchs dient. 
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39. Verwendung einer Verbindung, eines Salzes Oder eines Prodrugs nach Anspruch 1 , die bzw. das therapeutisch 
wirksam ist zum Fordern des Freisetzens von endogenem Wachstumshormon fur die Zubereitung eines Medika- 
ments fur das Verbessem der Muskelstarke, Beweglichkeit, dem Aufrechterhalten der Hautdicke, der metabolische 
Hamostase Oder Nierenhamostase bei einem Menschen Oder anderen Tier. 

40. Verwendung therapeutisch wirksamer Mengen einer Bisphosphonatverbindung und einer Verbindung, eines Sal- 
zes oder Prodrugs nach Anspruch 1 fur die Zubereitung eines Medikaments fur die Behandlung der Osteoporose 
und/oder Gebrechlichkeit bei einem Menschen oder anderen Tier. 

41 . Verwendung nach Anspruch 40, wobei die Bisphosphonatverbindung Alendronat ist. 

42. Verwendung nach Anspruch 40, wobei die Bisphosphonatverbindung Ibundronat ist. 

43. Verwendung therapeutisch wirksamer Mengen von Ostrogen und einer Verbindung, einem Salz oder einem Pro- 
drug nach Anspruch 1 und wahlweise Progesteron f iir die Zubereitung eines Medikaments fur die Behandlung der 
Osteoporose und/oder Gebrechlichkeit bei einem Menschen oder anderen Tier. 

44. Verwendung therapeutisch wirksamer Mengen Calcitonin und einer Verbindung, eines Salzes oder Prodrugs nach 
Anspruch 1 fiir die Zubereitung eines Medikaments fur die Behandlung der Osteoporose und/oder Gebrechlichkeit 
bei einem Menschen oder anderen Tier. 

45. Verwendung einer Verbindung, eines Salzes oder Prodrugs nach Anspruch 1 fiir die Zubereitung eines Medika- 
ments, das die IGF-1 -Spiegel bei einem Menschen oder anderen Tier, die an IGF-1 mangeln, erhoht. 

46. Verwendungtherapeutisch wirksamer Mengen eines Ostrogenagonisten oder -antagonisten und einer Verbindung, 
eines Salzes oder Prodrugs nach Anspruch 1 fiir die Zubereitung eines Medikaments fur die Behandlung der 
Osteoporose und/oder Gebrechlichkeit. 

47. Verwendung nach Anspruch 46, wobei der Ostrogenagonist oder -antagonist Tamoxifen, Droloxifen, Raloxifen 
oder Idoxifen ist. 

48. Verwendung nach Anspruch 46 wobei der Ostrogenagonist oder -antagonist 

cis-6-(4-Fluor-phenyl)-5-[4-(2-piperidin-1-ylethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalin-2-ol; 
(-)-cis-6-Phenyl-5-[4-(2-pyn-olidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalin-2-ol; 
cis-6-Phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6 ) 7,8-tetrahydro-naphthalin-2-ol; 
cis-1-[6'-Pyrroldinoethoxy-3'-pyridyl]-2-phenyl-6-hydroxy-1,2,3,4-tetrahydronaphthalin; 
1-(4'Pyrrolidinoethoxyphenyl)-2-(4"-fluorphenyl)-6-hydroxy-1 ,2,3,4-tetrahydroisochinolin; 
cis-6-(4-Hydroxyphenyl)-5-[4-(2-piperidin-1-ylethoxy)-phenyl]-5,6,7,8-tetrahydro-naphthalin-2-ol; oder 
1 -(4'-Pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1 ,2,3,4-tetrahydroisochinolin ist. 

49. Verwendung einer therapeutisch wirksamen Menge einer Verbindung, eines Salzes oder Prodrugs nach Anspruch 
1 fiir die Zubereitung von Medikament fur das Erhohen des Wachstums und das Verbessem der Qualitat des 
Kadavers bei einem Tier, bei dem es sich nicht urn Menschen handelt. 

50. Verwendung einer therapeutisch wirksamen Menge einer Verbindung, eines Salzes oder Prodrugs nach Anspruch 
1 fiir die Zubereitung eines Medikaments fur das Erhohen der Futtermittelwirksamkeit bei einem Tier, bei dem es 
sich nicht urn Menschen handelt. 

51 . Verwendung einer therapeutisch wirksamen Menge einer Verbindung, eines Salzes oder Prodrugs nach Anspruch 
1 fur die Zubereitung eines Medikaments fur das Erhflhen der Milcherzeugung bei einem weiblichen Sauger. 

52. Verwendung einer therapeutisch wirksamen Menge einer Verbindung fiir die Zubereitung eines Medikaments fiir 
das Erhohen der Anzahl von Ferkeln, das Erhohen de Trachtigkeitsrate bei Sauen, das Erhohen der Lebensfa- 
higkeit von Ferkeln, das Erhohen des Gewichts von Ferkeln oder das Erhohen der MuskelfasergroBe bei Ferkeln. 

53. Verwendung einer Menge einer Verbindung, eines Salzes oder Prodrugs nach Anspruch 1 , die bzw. das thera- 
peutisch wirksam ist zum F6rdern der Verwendung von endogenem Wachstumshormon fiir die Zubereitung von 
Medikament fiir das Erhohen der Muskelmasse bei einem Menschen oder anderen Tier. 
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54. Verwendung einer Verbindung, eines Salzes Oder Prodrugs nach Anspruch 1 , die bzw. das therapeutisch wirksam 
ist zum Fbrdern des Freisetzens eines endogenen Wachstumshormons fur die Zubereitung von Medikament fur 
das Fordern des Wachstums in an Wachstumshormonen defizienten Kindern. 

55. Verwendung therapeutisch wirksamer Mengen eines funktionellen Somatostatinantagonisten und einer Verbin- 
dung Oder eines Prodrugs nach Anspruch 1 fur die Zubereitung eines Medikaments fur die Behandlung oder Ver- 
hinderung von dekompensierter Herzinsuffizienz, Fettleibigkeit oder mit dem Altern verbundener Gebrechlichkeit 
bei elnem Menschen oder anderen Tier. 

56. Verwendung nach Anspruch 55 wobei es sich bei dem funktionellen Somatostatinagonisten urn einen alpha-2-ad- 
renergen Agonisten und dem anderen Tier einen Hund, eine Katze oder ein Pferd handelt. 

57. Verwendung nach Anspruch 56, wobei es sich bei dem alpha-2-adrenergen Agonisten urn Clonidin, Xylazin, De- 
tomidin oder Medetomidin handelt. 

58. Verwendung einer therapeutisch wirksamen Menge einer Verbindung, eines Salzes oder Prodrugs nach Anspruch 
1 fur die Zubereitung eines Medikaments fur die Behandlung der Insulinresistenz bei einem Sauger. 

59. Verwendung nach Anspruch 58, wobei es sich bei dem krankhaften, mit Insulinresistenz verbundenen Zustand 
um Typ-I-Diabetes, Typ-ll-Diabetes, Hyperglykamie, beeintrfichtigte Glukosetoleranz oder ein insulinresistentes 
Syndrom handelt. 

60. Verwendung nach Anspruch 58, wobei es sich bei dem mit Insulinresistenz verbundenen krankhaften Zustand um 
Fettleibigkeit oder fortgeschrittenem Alter handelt. 



Revendlcations 

1 . Compose de la formu le 




ou un sel acceptable du point de vue pharmaceutique ou un precurseur de medicament de ce dernier, 
dans laquelle 

HET est une fraction h6terocyclique s6lectionnee parmi le groupe constitue de 




R2 est s6lectionn6 parmi le groupe constitu6 de I'hydrogene, du radical fluoro et du radical (C^CgJalkyle, 
substitu6 en option par 1-5 groupements halo; 

R 2 * est s6lectionne parmi le groupe constituS de I'hydrogene, des radicaux SX 6 , OX 6 , -N(X 6 ) (X 6 ), (C r C 8 ) 
alkyle, -(C 0 -C 3 )alkyl-(C 1 -C 7 )cycloalkyle, et -(C 0 -C 3 )alkyl-A 1 , ou les groupements alkyles et les groupements cy- 
cloalkyles sont substitute en option par les radicaux hydroxy, thio, C(0)OX6, C(0)N(X6)(X6), S0 2 N(Xe)(X6), S(0) m 
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(C r C 6 )alkyle, C(0)A 1 , C(0)(X 6 ), CN ou par 1-5 groupements halo; 
Q est une liaison covalente ou un radical CR 9 R 10 ; 
Z est OO, C=S ou S(0) 2 ; 

R 1 est I'hydrogene, un radical -CN, -(CH 2 ) q N(X6)C(0)X 6 , -(CH 2 ) q N(X 8 )C(0)(CH 2 ) t -A 1 , -(CH 2 ) q N(X 6 )S(0) 2 
(CH 2 ) t -Ai, -<CH a ) q N(X«)S(0) s X« -(CH 2 ) q N(X6)C(0)N(X^(CH 2 ) t -Ai, -(CH 2 ) q N(X6)C(0)N(X6)(X6), -(CH 2 ) q C(0)N 
(X6)(X6),- (CH 2 ) q C(0)N(X6)(CH 2 ) t -Ai, -(CH 2 ) q C(0)OX6, -(CH 2 ) q C(0)0(CH 2 ),-Ai , -(CH 2 ) q OX6, -(CH 2 ) q OC(0)X6, 
-(CH 2 ) q OC(0)(CH 2 ),A\ -(CH^OCfOMX 6 ) (CH 2 ),-AV (CH 2 ) q OC(0)N(X e ) (X s ) , -(CH^CCOX 6 , -(CH 2 ) q C(0) 
(CH 2 ) t -Al, -(CH 2 ) q N(X6)C(0)OX6 -(CH 2 ) q N(XS)S(0) 2 N(X 6 )(X s ), -(CH 2 ) q S(0) m X6, -(CH 2 ) q S(0) m (CH 2 )t-A 1 , 
-(C r C 10 )alkyl, -(CH 2 ) t -Ai, -(CH 2 ) q -(C 3 -C 7 ) cycloalkyle, - (CH 2 )„-Y1- (C r C 5 ) alkyle, - (CH 2 ) q -Yi-(CH 2 VA 1 or - 
(CH 2 ) q -Y 1 -(CH 2 ) t -(C 3 -C 7 )cycloalkyle; 

oil les groupements alkyles et cycloalkyles dans la definition de R 1 sont independamment substitues en 
option par les groupements (C^C^alkyle, hydroxy, (C 1 -C 4 )alkoxy, carboxyle, -CONH 2 , -S(0) m (C 1 -C 6 )alkyle,-C0 2 
(C 1 -C 4 )alkylester, 1 H-tetrazol-5-yle ou 1 , 2 ou 3 groupements fluoro; 

Y 1 est 0, S(0) m , -CfOJNX 6 -, -CH=CH-, -C=C-, -IVKX^CfO)-, -C(0)NX 6 -, -C(0)0-, -OC(0)N(X 6 )- ou -OC(O)-; 

q est 0, 1 , 2, 3 ou 4, sous reserve que q ne peut pas etre 0 lorsque (CH 2 ) q est attach^ a N ou O; 

testO, 1,2ou3; 

m est 1 ou 2, 

R3 est selectionne parmi le groupe constitue des radicauxA 1 , (C^-C^alkyle, -(C r C 6 )alkyl-A 1 , -(Ci-C 6 )alk- 
yHCg-C^cycloalkyle, -(C 1 -C 5 )alkyl-Xl-(C 1 -C 5 )alkyle, -(C r C 5 )alkyl-X 1 -(C 0 -C 5 )alkyl-A 1 et - (C r C 5 )alkyl- 
X 1 -(C 1 -C s )alkyl-(C 3 -C 7 )cycloalkyle; 

ou les groupements alkyles dans la definition de R 3 sont substitues en option par les radicaux -S(0) m (C r C 6 ) 
alkyle, -C(0)OX 3 , par 1 , 2, 3, 4 ou 5 groupements halo independamment selectionnes ou par 1 , 2 ou 3 groupements 
-OX 3 , independamment selectionnes; 

X1 est 0, S(0) m , -N(X2)C(0)-, -C(0)N (X2)-, -OC(O)-, -C(0)0-, -CX2=CX2-, -N(X2)C(0)0, -OC(0)N(X2)- ou 
-C^C-; 

X 2 , dans chaque cas, est independamment I'hydrogene, un radical (C r C 6 )alkyle, substitue en option ou un 
radical (C 3 -C 7 )cycloalkyle substitue en option, ou le radical (Ci-C 6 )alkyle, substitue en option, et le radical (CVC^) 
cycloalkyle, substitue en option, dans la definition de X 2 , sont substitues independamment en option par le radical 
-S(0) m (C r C 6 )alkyle, -C(0)OX 3 , par de 1 a 5 groupements halo ou par de 1 a 3 groupements OX 3 ; 

R 4 est I'hydrogene, un radical (C^C^alkyle ou (Cg-C^cycloalkyle, ou R 4 est pris ensemble avec R 3 et I'atome 
de carbone auquel ils sont attaches et torment un radical (C 5 -C 7 ) cycloalkyle, (C 5 -C 7 ) cycloalkenyle, un cycle de 
4 a 8 membres, partiellement ou completement sature, ayant de 1 a 4 hetero atomes, Independamment selec- 
tionnes parmi le groupe constitue de I'oxygene, du soufre et de I'azote, ou R 4 et R 3 peuvent 6tre pris ensemble 
pour former un systeme cyclique bicycllque constitue d'un cycle de 5 ou 6 membres, partiellement sature ou com- 
pletement sature, accole a un cycle de 5 ou 6 membres, partiellement sature, completement insature ou comple- 
tement sature, ayant en option de 1 a 4 hetero atomes, independamment selectionnes parmi le groupe constitue 
de I'azote, du soufre et de I'oxygene; 

X 4 est I'hydrogene ou un radical (C^CgJalkyle ou X 4 est pris ensemble avec R 4 et I'atome d'azote auquel X 4 
est attache et I'atome de carbone auquel R 4 est attache et forment un cycle de cinq a sept membres; R 6 est une 
liaison ou 



ou -(CR a R b ) a -E-(CR a R b ) b -; 

ou le groupement -(CR a R b ) a - est attache au carbone carbonyle du groupement amide du compose de la formule 
I et le groupement -(CR a R b ) b est attache a I'atome d'azote terminal du compose de la formule I; 

E est -0-, -S-, -CH=CH-, 




*(CH z ) a (CHz) b 
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qui est substitue en option par les radicaux halo, hydroxy, -N(R C )(R C ), (C r C 6 )alkyle ou (C r C 6 ) alkoxy; 

R a et R b sont independamment I'hydrogene, un radical (C^CgJalkyle, trifluoromethyle, phenyle ou un radical 
(C^CeJalkyle substitue, ou les substituants sont les radicaux imidazolyle, naphtyle, phenyle, indolyle, p-hydroxy- 
phenyle, -OR c , S(0) ra R c , C(0)OR c , (C 3 -C 7 )cycloalkyle, -N^KR 0 ), -0(0)1^°) (R c ) ; ou R a et R b peuvent etre 
joints independamment a un ou aux deux radicaux R 7 ou E (ou E est different de 0, S ou -CH=CH-) pour former 
un pont alkylene entre I'azote terminal et la portion alkyle du groupe R a ou du groupe R b et le groupement R 7 ou 
E, dans lequel le pont contient de 1 a 8 atomes de carbone; ou R a et R b peuvent etre joints I'un a I'autre pour 
former un radical (CVCy) cycloalkyle; 

R c est I'hydrogene ou un radical (C 1 -C e )alkyle ; 

a et b sont independamment 0, 1 , 2 ou 3, sous reserve que si E est -O- ou -S-, y est different de 0 ou de 1 
et sous reserve en sus que si E est -CH=CH-, y est different de 0; 

X s et X 58 sont chacun independamment selectionnes parmi le groupe constitue de I'hydrogene, des radicaux 
CF 3 , A 1 et du radical (C r C 6 ) alkyle, substitue en option; 

le radical (C 1 -C 6 )alkyle substitue en option dans la definition de X 5 et X 58 est substitue en option par un 
substituant selectionn6 parmi le groupe constitu6 des radicaux A 1 , OX 2 , -StO^CpCg) alkyle, -C(0)OX 2 , (C 3 -C 7 ) 
cycloalkyle, -NfX 2 ) (X 2 ) et -C(0)N (X 2 ) (X 2 ) ; 

ou le carbone portant X 5 ou X 5a forme un ou deux ponts alkylene avec I'atome d'azote portant R 7 et R 8 , dans 
lequel chaque pont alkylene contient de 1 a 5 atomes de carbone, sous reserve que, lorsqu'un pont alkylene est 
forme, seulement I'un des radicaux X s ou X 5a est sur I'atome de carbone et seulement I'un des radicaux R 7 ou R 8 
est sur I'atome d'azote et sous reserve en sus que, lorsque deux ponts alkylene sont formes, X 5 et X 53 ne peuvent 
pas alors etre sur I'atome de carbone et R 7 et R 8 ne peuvent pas etre sur I'atome d'azote; 

ou X s est pris ensemble avec X 5a et I'atome de carbone auquel ils sont attaches et forment un cycle de 3 a 
7 membres, partiellement sature ou completement sature ou un cycle de 4 a 8 membres, partiellement ou com- 
pletement sature, ayant de 1 a 4 hetero atomes, independamment selectionnes parmi le groupe constituS de 
I'oxygene, du soufre et de I'azote; 

ou X s est pris ensemble avec X 5a et I'atome de carbone auquel ils sont attaches et forment un systeme 
cyclique bicyclique constitue d'un cycle de 5 ou 6 membres, partiellement ou completement sature, ayant en option 
1 ou 2 hetero atomes independamment selectionnes parmi le groupe constitue de I'azote, du soufre et de I'oxygene, 
accole a un cycle de 5 ou 6 membres partiellement sature, completement sature ou completement insature, ayant 
en option de 1 a 4 hetero atomes independamment selectionnes parmi le groupe constitue de I'azote, du soufre 
et de I'oxygene; 

Z 1 est une liaison, 0 ou N-X 2 , sous reserve que lorsque a et b son tous les deux 0, Z 1 n'est pas alors N-X 2 ou 0; 

R 7 et R 8 sont chacun independamment I'hydrogene ou un radical (C 1 -C e )alkyle, substitue' en option; 

ou le radical (C 1 -C 6 )alkyle, substitue en option dans la definition de R 7 et R 8 est substitue en option inde- 
pendamment par les radicaux A 1 , -C(0)0-(C r C 6 )aikyle, -S(0) m (Ci-C 6 )aikyle, par 1 a 5 groupements halo, par 1 
a 3 groupements hydroxy, par 1 a 3 groupements -O-C(O)(C 1 -C 10 )alkyle ou par 1 a 3 groupements (C r C 6 )alkoxy ; 

R 7 et R 8 sont pris ensemble pour former -(CH 2 ) r -U-(CH 2 ) r -; ou L est CfX 2 ) (X 2 ), S(0) m ou N(X2); 

R 9 et R 10 peuvent etre independamment selectionnes chacun parmi le groupe constitue de I'hydrogene, du 
radical fluoro, hydroxy et du radical {C^ -C 5 )alkyle, substitue independamment en option par 1 -5 groupements halo; 

A 1 , dans chaque cas, est independamment selectionne parmi le groupe constitue des radicaux (C 5 -C 7 )cy- 
cloalkenyle, phenyle, un cycle de 4 a 8 membres partiellement sature, completement satur6 ou completement 
insature, ayant en option de 1 a 4 hetero atomes, independamment selectionnes parmi le groupe constitue de 
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I'oxygene, du soufre et de I'azote et un systems cyclique bicyclique, constitue d'un cycle de 5 ou 6 membres, 
partiellement sature, completement insature ou completement sature, ayant en option de 1 a 4 hetero atomes, 
independamment selectionnes parmi le groupe constitue de I'azote, du soufre et de I'oxygene, accole a un cycle 
de 5 ou 6 membres, partiellement sature, completement sature ou completement insature, ayant en option de 1 
a 4 hetero atomes, independamment selectionnes parmi le groupe constitue de I'azote, du soufre et de I'oxygene; 

A 1 , dans chaque cas, est independamment en option substitue sur un ou, en option, sur les deux cycles, si 
A 1 est un systeme cyclique bicylique, avec jusqu'a trois substituants, chaque substituant etant selectionne inde- 
pendamment parmi le groupe constitue des radicaux F, CI, Br, I, OCF 3 , OCF 2 H, CF 3 , CH 3 , OCH 3 , OX 6 , -C(0)N 
(X 6 )(X 6 ), -C(0)OX 6 , oxo, (C^CsJalkyle, nitro, cyano, benzyle, -S(0) m (C 1 -C 6 )alkyle, 1 H-tetrazol-5-yle, phenyle, 
phenoxy, phenylalkyloxy, halophenyle, methylenedioxy, -N^XX 6 ), -NrX^CfOXX 6 ), -S(0 2 )N(X 6 )(X 6 ) 

-N(X 6 )S(0) 2 -phenyle, -N(X 6 )S(0)2X 6 , -CONX"Xiz, -S(0) 2 NXHX12, -NX6S(0) 2 Xiz, -NX«C0NXHX1 2 -HX?S 
(0)NX 11 X 12 , - NX 6 C(0)X 12 , imidazolyle, thiazolyle et tetrazolyle, sous reserve que si A 1 est substitue en option 
par le radical methylenedioxy, il ne peut alors qu'etre substitue par un radical methylenedioxy; 

ou X 11 est I'hydrogene ou un radical (Ci-C 6 ) alkyle substitue en option ; 

le radical (C 1 -C 6 )alkyle substitue en option defini pourX 11 est en option independamment substitue par les 
radicaux phenyle, phenoxy, (C r C 6 ) alkoxycarbonyle, -S(0) m (C 1 -C 6 )alkyle, par de 1 a 5 groupements halo, par de 
1 a 3 groupements hydroxy, par de 1 a 3 groupements (C,-C 10 )alkanoyloxy ou par de 1 a 3 groupements (C^Cg) 
alkoxy; 

X 12 est I'hydrogene, le radical (Ci-C 6 )alkyle, phenyle, thiazolyle, imidazolyle, furyle ou thienyle, sous reserve 
que, lorsque X 12 n'est pas I'hydrogene, le groupement X 12 est en option substitue par de un a trois substituants 
independamment selectionnes parmi le groupe constitue des radicaux CI, F, CH 3 , OCH 3 , OCF 3 et CF 3 ; 

ou X 11 et X 12 sont pris ensemble pour former un radical - (CH2) r -L 1 -(CH 2 ) r -; 

L 1 est C(X 2 ) (X 2 ), O, S(0) m ou NfX 2 ); 

r, dans chaque cas, est independamment 1 , 2 ou 3. 

X 2 , dans chaque cas, est independamment I'hydrogene, un radical (C r C 6 )alkyle substitue en option ou un 
radical (C 3 -C 7 )cycloalkyle substitue en option, ou le radical (C 1 -C 6 )alkyle, substitue en option, et le radical (C 3 -C 7 ) 
cycloalkyle, substitue en option, dans la definition de X 2 sont independamment substitues en option par le radical 
-S(0) m (C 1 -C 6 )alkyle, -C(0)OX 3 , parde 1 a 5 groupements halo ou parde 1 a 3 groupements OX 3 ; 

X 3 , pour chaque cas, est independamment I'hydrogene ou un radical (C,-C g )alkyle; 

X 6 , dans chaque cas, est independamment I'hydrogene, un radical (C 1 -C 6 )alkyle substitue en option, un 
alkyle halogene en (C 2 -C 6 ), un (C 3 -C 7 )cycloalkyle substitue en option, un cycloalkyle halogene en (C 3 -C 7 ), ou le 
radical (C 1 -C s ) alkyle, substitue en option, et le radical (C 3 -C 7 )cycloalkyle, substitue en option, dans la definition 
de X 6 est en option independamment mono- ou di-substitue par les radicaux (Ci-C 4 )alkyle, hydroxy, {C^ -C 4 ) alkoxy, 
carboxyle, CONH 2 , -S(0) m (Ci-C e )alkyle, carboxylate de (C^C^alkylester ou 1 H-tetrazol-5-yle; ou lorsque qu'il y 
a deux groupements X 6 sur un atome et lorsque les deux X 6 sont independamment le radical (C^CgJalkyle, les 
deux groupements (C 1 -C 6 )alkyle peuvent etre joints en option et, conjointement a I'atome auquel les deux grou- 
pements X 6 sont attaches, torment un cycle de 4 a 9 membres, ayant en option, en tant que membre du cycle, 
I'oxygene, le soufre ou NX 7 ; 

X 7 est I'hydrogene ou le radical (C r C 6 )alkyle, substitue en option par le radical hydroxy; 

m, dans chaque cas, est independamment 0, 1 ou 2, sous reserve que: 

X 6 et X 12 ne peuvent pas etre I'hydrogene lorsqu'ils sont attaches au C(O) ou au S(0) 2 sous la forme de C 
(O)X 6 , C(0)X 12 , S(0) 2 X 6 ou S(O);p0 2 ; et 

lorsque R 6 est une liaison, L est alors N(X 2 ) et chaque r dans la definition -(CH 2 ) r -L-(CHg) r - est independam- 
ment 2 ou 3. 

Compose, sel ou precurseur de medicament selon la revendication 1 , dans lequel: 

R 4 est I'hydrogene ou le residu methyle; X 4 est I'hydrogene; 
R6est 




"(CH 2 ) a {CH 2 ) 0 
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o£i Z 1 est u ne liaison et a est 0 ou 1 ; X 5 et X 5 * sont chacun independamment selectionnes parmi le groupe constitue 
de I'hydrogene, des radicaux CF 3 , phenyle et (Ci-C s )alkyle, substitue en option; 

oil le radical (C^-Cgjalkyle, substitue en option dans la definition de X 5 et X 5a est substitue en option par 
OX 2 ou A 1 ; 

ou A 1 dans la definition de X 5 et de X 58 est le radical imidazolyle, phenyle, indolyle, p-hydroxyphenyle, (C 5 -C 7 ) 
cycloalkyle, -S(0) m (C 1 -C 6 )alkyie, -N(X2) (X2) ou 
-C(0)N(X2)(X2); 

R 7 est I'hydrogene ou un residu (C r C 3 )alkyle ; 

ou X 5 et R 7 sont pris ensemble et torment un pont (C r C 5 ) alkylene ; et 

R 8 est I'hydrogene ou un radical (C 1 -C 3 )alkyle, substitue en option par un ou deux groupements hydroxy. 

Compose, sel ou precurseur de medicament selon la revendication 2, dans lequel b est 0; X s et X 5a sont chacun 
independamment selectionnes parmi le groupe constitue de I'hydrogene, des radicaux (C r C 3 )alkyle et hydroxy 
(C r C 3 ) alkyle; et 

R 3 est selectionne parmi le groupe constitue des radicaux thienyl-CH 2 -0-CH 2 -, pyridyl-CH 2 -0-CH 2 -, thiazo- 
lyl-CH 2 -0-CH 2 -, 1-indolyl-CH 2 -, 2-indolyl-CH.,-, 3-indolyl-CH 2 -, 1 -naphtyl-CH 2 -, 2-naphtyl-CH 2 -, 1-benzimidazo- 
lyl-CH 2 -, 2-benzimidazolyl-CH 2 -, phenyl-(C 1 -C 4 )alkyle, 2-pyridyl-(C 1 -C 4 )alkyle, 3-pyridyl-(C 1 -C 4 )alkyle, 4-pyri- 
dyl-(C 1 -C 4 )alkyl-, phenyl-CH 2 -S-CH 2 -, thienyl-(C 1 -C 4 )alkyl-, ph§nyl-(C 0 -C 3 )alkyl-O-CH 2 -, phenyl-CH 2 -0-ph6- 
nyl-CH 2 , ph6nyl-0-CH 2 -CH 2 - et 3-benzothi6nyl-CH 2 -; 

ou les portions aryle des groupements definis pour R 3 sont chacune substitues en option par de un a trois 
substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des radicaux me- 
thylenedioxy, F, CI, CH 3 , OCH 3 , OCF 3 , OCF 2 H et CF 3 . 

Compose, sel ou precurseur de medicament selon la revendication 3, dans lequel: 
R 4 est I'hydrogene; a est 0; 

X s et X 58 sont chacun independamment selectionnes parmi le groupe constitue de I'hydrogene, du radical 
methyle ou hydroxymethyle, sous reserve que, lorsque X s est i'hydrogene, X 58 n'est alors pas I'hydrogene; 
R 7 et R 8 sont chacun I'hydrogene; et 

R 3 est selectionne parmi le groupe constitue des radicaux 3-indolyl-CH 2 -, 1-naphtyl-CH 2 -, 2-naphtyl-CH 2 -, 
phenyl-(C 1 -C 4 )alkyl-, 2-pyridyl-(C r C 4 )alkyl-, 3-pyridyl-(C 1 -C 4 )alkyle, 4-pyridyl-(C r C 4 )alkyle, phenyl-CH 2 - 
S-CH 2 -, thienyl-(C 2 -C 4 )alkyle, phenyl-(C 0 -C 3 )alkyl-O-CH 2 -, 3-benzothienyl-CH 2 -, thienyi-CH 2 -0-CH 2 -, thiazo- 
lyl-CH 2 -0-CH 2 -, pyridyl-CH 2 -0-CH 2 - et phenyi-0-CH 2 -CH 2 - ; 

ou les portions aryle des groupements definis pour R 3 sont chacune substitues en option par de un a trois 
substituants, chaque substituant etant independamment s6lectionn§ parmi le groupe constituS des radicaux me- 
thylenedioxy, F, CI, CH 3 , OCH 3 , OCF 3 , OCF 2 H et CF 3 . 

Compose, sel ou precurseur de medicament selon la revendication 4, dans lequel: 
R1 est le radical -(CH 2 ),-A1, -(CH 2 ) q -(C 3 -C 7 )cycloalkyle ou (^-C^alkyle; 

A 1 dans la definition de R 1 est un radical phenyle, pyridyle, thiazolyle ou thienyle, substitue en option par de 
un a trois substituants, chaque substituant Stant independamment selectionne parmi le groupe constitue des 
radicaux F, CI, CH 3 , OCH 3 OCF 2 H, OCF 3 et CF 3 ; 

les groupements cycloalkyle et alkyle dans la definition de R 1 sont substitues en option par les radicaux {C y C 4 ) 
alkyle, hydroxy, (C r C 4 )alkoxy ou par de 1 a 3 atomes de fluor; 
q est 1 ou 2; t est 1 ou 2; 

R 3 est le radical phenyl-CH 2 -0-CH 2 -, phenyl-CH 2 -S-CH 2 -, pyridyl-CH 2 -0-CH 2 -, thienyl-CH 2 -0-CH 2 -, thiazo- 
lyl-CH 2 -0-CH 2 -, phenyl-(CH 2 ) 3 - ou 3-indolyl-CH 2 -; 

ou I'atome de carbone portant le substituant R 3 est un carbone de la configuration (R); 

oil la portion aryle des groupements definis pour R 3 est substituee en option par de un a trois substituants, 
chaque substituant etant independamment selectionne parmi le groupe constitue des radicaux F, CI, CH 3 , OCH 3 , 
OCF 2 H, OCF 3 et CF 3 ; et 

X 5 et X 5a sont chacun un radical methyle. 

Compose, sel ou precurseur de medicament selon la revendication 5, dans lequel HET est: 
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R 2 * 




10 7. Compose, set ou precurseur de medicament selon la revendication 6, dans lequel Z est C=0; Q est une liaison 
covalente. 

8. Compose, sel ou precurseur de medicament selon la revendication 7, dans lequel: 

'5 r2 est I'hydrogene ou le radical (C r C 3 )alkyle, ou le radical alkyle est substitue en option par 1 -3 groupements 

fluoro ; 
R2A est -SX 6 ; 

X 6 est le radical (C 1 -C 3 ) alkyle ou (C 3 -C 6 )cycloalkyle, oil ies radicaux alkyle et cycloalkyle peuvent etre subs- 
titues en option par de un a trois halogenes. 

20 

9. Compose, sel ou precurseur de medicament selon la revendication 8, dans lequel: 

R 1 est le radical -CH 2 -A 1 ou A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a 
trois substituants, cheque substituant etant independamment selectionne parmi le groupe constitue des radi- 
os caux F, CI, CH 3 , OCH 3> OCF 2 H, OCF 3 et CF 3 ; et 

R 3 est selectionne parmi le groupe constitue des radicaux 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - 
et thiazolyl-CH 2 -0-CH 2 -, ou la portion aryle des groupements definis pour R 3 est substituee en option par de 
un a trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des 
radicaux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 . 

30 

10. Compose, sel ou precurseur de medicament selon la revendication 9 dans lequel le compose est le melange 
diastereoisomere 8a(R,S),1 (R), le diastereoisomere 8a(R),1(R) ou le diastereosiomere 8a(S),1 (R) du 2-amino-N- 
{1(R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-6-methylsulfanyl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]py- 
razin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide. 

35 

11. Compose, sel ou precurseur de medicament selon la revendication 7, dans lequel: 

R 2 est I'hydrogene ou le radical (C r C 3 )alkyle ou le radical alkyle est substitue en option par 1 -3 groupements 
fluoro ; 

40 R2A es t | e radical -N (X 6 ) (X 6 ) ; 

X 6 , pour chaque cas, est independamment I'hydrogene, Ies radicaux (C^C^alkyle, substitue en option, 
(C 2 -C 3 ) alkyle fluore, (Cg-C^cycloalkyle, substitue en option, (C 3 -C 6 )cycloalkyle fluore, ou, lorsqu'il y a deux 
groupements X 6 sur un atome et que Ies deux X 6 sont independamment un radical (C.,-C 3 )alkyle, Ies deux 
groupements (C r C 3 )alkyle peuvent etre joints en option, et conjointement a I'atome auquel Ies deux groupe- 
rs ments X 6 sont attaches, torment un cycle de 4 a 6 membres, ayant en option I'oxygene en tant que membre 
du cycle. 

12. Compose, sel ou precurseur de medicament selon la revendication 11 , dans lequel: 

so Ri est le radical -CH 2 -A 1 ou A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a 

trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des radi- 
caux F, CI, CH 3 , OCH 3> OCF 2 H, OCF 3 et CF 3 ; et 

r3 est selectionne parmi le groupe constitue des radicaux 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - 
et thiazolyl-CH 2 -0-CH 2 -, ou la portion aryle des groupements definis pour R 3 est substituee en option par de 
55 un a trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des 

radicaux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 . 

13. Compose, sel ou precurseur de medicament selon la revendication 12, dans lequel le compose est le melange 
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diastereoisomere 8a(R,S),1(R), le diastereoisomere 8a(R),1(R) ou le diastereoisomere 8a(S),1(R) du compose 
selectionne parmi le groups constitue du 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-oxo-6-pyr- 
rolidin-1 -yl-3,4,8,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide ou du 2-ami- 
no-N-{1(R)-benzyloxymethyl-248a-(4-fluoro-benzyl)-6-morpholin-4-yl-8-oxo-3,4,8,8a-tetrahydro-1H-pyrrolo 
[1,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide. 

14. Compos§, sel ou precurseur de medicament selon la revendication 7, dans lequel: 

R 2 est I'hydrogene ou le radical (C r C 3 )alkyle ou le radical alkyle est substitue en option par 1 -3 groupements 
fluoro ; 

R 2A est I'hydrogene, le radical - (C r C 4 ) alkyle, -(C 0 -C 2 )alkyl-(C 1 -C 6 )cycloalkyle, -(C 0 -C 2 )alkyl-A 1 ou les grou- 
pements alkyles sont substltues en option par 1-3 groupements fluoro; 

A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a deux substituants, chaque 
substituant etant independamment selectionne parmi le groupe constitue des radicaux F, CI, CH 3 , OCF 2 H, 
OCF 3 etCF 3 . 

15. Compose, sel ou precurseur de medicament selon la revendication 14, dans lequel: 

R 1 est le radical -CH 2 -A 1 oil A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a 
trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des radi- 
caux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF3 et CF 3 ; et 

R 3 est selectionne parmi le groupe constitue des radicaux 3-indolyl-CH 2 -, phenyl- (CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - 
et thiazolyl-CH 2 -0-CH 2 -, ou la portion aryle des groupements d6finis pour R 3 est substituee en option par de 
un a trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des 
radicaux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 . 

16. Compose, sel ou precurseur de medicament selon la revendication 15, dans lequel le compose est le melange 
diastereoisomere 8a(R,S),1(R), le diastereoisomere 8a(R),1(R) ou le diastereoisomere 8a(S),1(R) du compose 
selectionne parmi le groupe constitue du 2-amino-N-{1(R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-oxo- 
3,4,8,8a-t6trahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-m6thyl-propionamlde, du 2-amino-N-[1 (R)-ben- 
zyloxymethyl-2-oxo-2-(8-oxo-6-pyridin-2-yl-8a-pyridin-2-ylmethyl-3,4,8,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin- 
2-yl)-ethyl]-2-methyl-propionamide, ou du 2-amino-N-[2-(8a-benzyl-6-ethyl-8-oxo-3,4,8,8a-tetrahydro-1 H-pyrrolo 
[1 ,2-a]pyrazin-2-yl)-1(R)-benzyloxym§thyl-2-oxo-ethyl]-2-methyl-propionamide. 

17. Compose, sel ou precurseur de medicament selon la revendication 5, dans lequel HET est: 



18. Compose, sel ou precurseur de medicament selon la revendication 17, dans lequel Z est C=0; Q est une liaison 
covalente. 

19. Compose, sel ou precurseur de medicament selon la revendication 18, dans lequel: 

R 2 est I'hydrogene ou le radical (Cj-C^alkyle ou le radical alkyle est substitue en option par 1 -3 groupements 

fluoro ; 

R2A est -0X6; 

X 6 est le radical (C r C 3 ) alkyle ou (C 3 -C 6 )cycloalkyle, ou les radicaux alkyle et cycloalkyle peuvent etre subs- 
titues en option par de un a trois halogenes. 

20. Compose, sel ou precurseur de medicament selon la revendication 19, dans lequel: 

R 1 est le radical -CH 2 -A 1 ou A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a 
trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des radi- 
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caux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 ; et 

Ft 3 est selectionne parmi le groupe constitue des radicaux 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyi-CH 2 -0-CH 2 - 
et thiazolyl-CH 2 -0-CH 2 -, ou la portion aryle des groupements definis pour R 3 est substituee en option par de 
un a trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des 
radicaux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 . 

21 . Compose, sel ou precurseur de medicament selon la revendication 20, dans lequel le compose est le melange 
diastereoisomere 8a(R,S),1(R), le diastereoisomere 8a(R),1(R) ou le diastereoisomere 8a(S),1(R) du compose 
selectionne parmi le groupe constitue du 2-amino-N-[1 (R)-benzyloxymethyl-2-(8-methoxy-6-oxo-8a-pyridin-2-yl- 
methyl-3,4,6,8a-tetrahydro-1 H-pyrrolo[1 ,2-a]pyrazin-2-yl)-2-oxo-ethyQ-2-methyl-propionamide, du 2-amino-N-{1 
(R)-benzyloxymerhyl-2-[8a-(4-fluoro-benzyl)-8-rnethoxy-6-oxo-3,4,6 ) 8a-tetrahydro-1H-pyiTOlo[1 ,2-a]pyrazin-2- 
yl]-2-oxo-ethyl}-2-methyl-propionamide, du 2 amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-methoxy- 
7-methyl-6-oxo-3,4,6,8a-tetrahydro-1H-pyrrolo[1 ,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide. 

22. Compose, sel ou precurseur de medicament selon la revendication 18, dans lequel: 

R 2 est I'hydrogene, le radical -(C^C^alkyle, -(C 0 -C 2 )alkyl-(C,-C 6 )cycloalkyle, -(C 0 -C 2 )alkyl-A 1 ou les grou- 
pements alkyles sont substitues en option par 1-3 groupements fluoro; 

A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a deux substituants, chaque 
substituant etant independamment selectionne parmi le groupe constitue des radicaux F, CI, CH 3 , OCF 2 H, 
OCF 3 etCF 3 ; 

R 2 * est le radical -NfX 6 ) (X6); 

X 6 , pour chaque cas, est independamment I'hydrogene, les radicaux (C|-C 3 )alkyle, substitue en option, 
(C 2 -C 3 )alkyle fluore, (C 3 -C 6 ) cycloalkyle, substitue en option, (C 3 -C 6 )cycloalkyle fluore, oft, lorsqu'il y a deux 
groupements X 6 sur un atome et que les deux X 6 sont independamment un radical (C 1 -C 3 )alkyle, les deux 
groupements (C r C 3 )alkyle peuvent etre joints en option, et conjointement a I'atome auquel les deux groupe- 
ments X 6 sont attaches, torment un cycle de 4 a 6 membres, ayant en option I'oxygene en tant que membre 
du cycle. 

23. Compose, sel ou precurseur de medicament selon la revendication 22, dans lequel: 

R 1 est le radical -CH 2 -A 1 oil A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a 
trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des radi- 
caux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 ; et 

R3 est selectionne parmi le groupe constitue des radicaux 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - 
etthiazolyl-CH 2 -0-CH 2 -, oft la portion aryle des groupements definis pour R 3 est substituee en option par de 
un a trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des 
radicaux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 . 

24. Compose, sel ou precurseur de medicament selon la revendication 23, dans lequel le compose est le melange 
diastereoisomere 8a(R,S),1(R), le diastereoisomere 8a(R),1(R) ou le diastereoisomere 8a(S),1(R) du compose 
selectionne parmi le groupe constitue du 2-amino-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-6-oxo-8-pyr- 
rolidin-1-yl-3, 4,6,8a-tetrahydro-1H-pyrrolo[1,2-a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide ou du 2-ami- 
no-N-{1 (R)-benzyloxymethyl-2-[8a-(4-fluoro-benzyl)-8-morpholin-4-yl-6-oxo-3, 4,6,8a-tetrahydro-1 H-pyrralo[1 ,2- 
a]pyrazin-2-yl]-2-oxo-ethyl}-2-methyl-propionamide. 

25. Compose, sel ou precurseur de medicament selon la revendication 18, dans lequel: 

R 2 est I'hydrogene ou le radical (C|-C 3 )alkyle oft le radical alkyle est substitue en option par 1 -3 groupements 
fluoro ; 

R 2 * est I'hydrogene, le radical -(C 1 -C 4 )alkyle, -(C 0 -C 2 )alkyl-(C|-C6)cycioalkyle, -(C 0 -C 2 )alkyl-A 1 oft les grou- 
pements alkyles sont substitues en option par 1 -3 groupements fluoro; 

A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a deux substituants, chaque 
substituant etant independamment selectionne parmi le groupe constitue des radicaux F, CI, CH 3 , OCF 2 H, 
OCF 3 et CF 3 . 

26. Compose, sel ou precurseur de medicament selon la revendication 25, dans lequel: 
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R 1 est le radical -CH 2 -A 1 ou A 1 est un radical phenyle, pyridyle ou thiazolyle, substitue en option par de un a 
trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des radi- 
caux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 ; et 

R3 est selectionne parmi le groupe constitue des radicaux 3-indolyl-CH 2 -, phenyl-(CH 2 ) 3 -, phenyl-CH 2 -0-CH 2 - 
s et thiazolyl-CH 2 -0-CH 2 -, ou la portion aryle des groupements definis pour R 3 est substitute en option par de 

un a trois substituants, chaque substituant etant independamment selectionne parmi le groupe constitue des 
radicaux F, CI, CH 3 , OCH 3 , OCF 2 H, OCF 3 et CF 3 . 

27. Compose, sel ou precurseur de medicament selon la revendication 26, dans lequel le compose est le melange 
10 diastereoisomere 8a(R,S),1(R), le diastereoisomere 8a(R),1(R) ou le diastereoisomere 8a(S),1(R) du 2-ami- 

no-N-[2-(8a-benzyl-6-oxo-3,4,6,8a4etrahydro-1H-pyrrolo[1,2-a]pyrazin-2-yl)-1(R)-benzyloxymethyl-2-oxo-ethyl]- 
2-methyl-propionamide. 

28. Utilisation d'une quantite efficace du point de vue therapeutique d'un compose, d'un sel ou d'un precurseur de 
15 medicament selon la revendication 1 en vue de la preparation d'un medicament destine a ('augmentation des 

niveaux de I'hormone de croissance endogene chez I'homme ou la femme ou chez un autre animal. 

29. Composition pharmaceutique qui comprend un excipient acceptable du point de vue pharmaceutique et une quan- 
tite efficace du point de vue therapeutique d'un compose ou d'un melange stereoisomere de ce dernier, d'un 

20 isomere de ce dernier, enrichi au plan diastereoisomere, pure au plan diastereoisomere, enrichi au plan enantio- 

mere ou pur au plan enantiomere 

ou d'un precurseur de medicament d'un tel compose, melange ou isomere de ce dernier ou d'un sel acceptable 
du point de vue pharmaceutique du compose, du melange, de I'isomere ou du precurseur de medicament selon 
la revendication 1 . 

25 

30. Composition pharmaceutique utile en vue de I'augmentation de la production endogene ou de la liberation d'hor- 
mone de croissance chez I'homme ou la femme ou chez un autre animal, qui comprend un excipient acceptable 
du point de vue pharmaceutique, une quantite efficace du point de vue therapeutique d'un compose, d'un sel ou 
d'un precurseur de medicament selon la revendication 1 et un "secretagogue" d'hormone de croissance selection- 

30 nee parmi le groupe constitue des especes GHRP-6, hexareline, GHRP-1 , stomastatine (GRF), IGF-1 , IGF-2 et 

B-HT920 ou d'un analogue de ces demieres. 

31. Utilisation d'une quantite efficace du point de vue therapeutique d'un compose, d'un sel ou d'un precurseur de 
medicament selon la revendication 1 , en vue de la preparation d'un medicament destine au traitement de I'osteo- 

35 porose et/ou de la faibiesse chez I'homme ou la femme ou chez un autre animal. 

32. Utilisation d'un compose ou d'un precurseur de medicament selon la revendication 1 , qui est efficace du point de 
vue therapeutique pour ce qui est de favoriser la liberation d'hormone de croissance endogene pour la preparation 
d'un medicament en vue du traitement de maladies ou de troubles qui peuvent etre traites a I'aide d'hormones de 

40 croissance. 

33. Utilisation selon la revendication 32, dans laquelle la maladie ou le trouble est I'insuffisance cardiaque congestive, 
la faibiesse associee au vieillissement et I'obesite. 

45 34. utilisation selon la revendication 33, dans laquelle la maladie ou le trouble est I'insuffisance cardiaque congestive. 

35. Utilisation selon la revendication 34, dans laquelle la maladie ou le trouble est la faibiesse associee au vieillisse- 
ment. 

so 36. Utilisation d'un compose, d'un sel ou d'un precurseur de medicament selon la revendication 1 , qui est efficace du 
point de vue therapeutique en favorisant la liberation de I'hormone de croissance endogene pour la preparation 
d'un medicament en vue de ('acceleration de la reparation des fractures osseuses, de I'attenuation de la reaction 
catabolique de proteines apres une operation majeure, de la reduction de la cachexie et de la perte de proteines 
dues a une maladie chronique ou aigue, de I'acceleration de la guerison des lesions ou de ('acceleration de la 

55 recuperation/de la convalescence de patients brutes ou de patients ayantsubi une procedure chirurgicale majeure. 

37. Utilisation selon la revendication 36, dans laquelle ('utilisation est en vue de I'acceleration de la recuperation/de 
la convalescence de patients ayant subi une procedure chirurgicale majeure. 
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38. Utilisation selon la revendication 36, dans lequel I'utlllsation vise I'acceleration de la reparation des fractures os- 
seuses. 

39. Utilisation d'un compose, d'un sei ou d'un precurseur de medicament selon la revendication 1 , qui est efficace du 
point de vue therapeutique pour ce qui est de favoriser la liberation d'hormone de croissance endogene destinee 
a la preparation d'un medicament en vue de I'amelioration de la force musculaire, de la mobility du maintien de 
I'epaisseur de la peau, de I'homeostasie m6tabolique ou de I'homeostasie renale chez un homme ou une femme 
ou chez un autre animal. 

40. Utilisation de quantites efficaces du point de vue therapeutique d'un compose de biphosphonate et d'un compose, 
d'un sel ou d'un precurseur de medicament selon la revendication 1 , en vue de la preparation d'un medicament 
destine au traitement de I'osteoporose et/ou de la faiblesse chez I'homme ou la femme ou chez un autre animal. 

41 . Utilisation selon la revendication 40, dans lequel le compose de biphosphonate est ('alendronate. 

42. Utilisation selon la revendication 40, dans lequel le compose de biphosphonate est I'ibandronate. 

43. Utilisation de quantites efficaces du point de vue therapeutique d'oestrogene et d'un compose, d'un sel ou d'un 
precurseur de medicament selon la revendication 1 et, en option, de progesterone, en vue de la preparation d'un 
medicament destine au traitement de I'osteoporose et/ou de la faiblesse chez I'homme ou la femme ou chez un 
autre animal. 

44. Utilisation de quantites efficaces du point de vue therapeutique de calcitonine et d'un compose, d'un sel ou d'un 
precurseur de medicament selon la revendication 1 , en vue de la preparation d'un medicament destine au traite- 
ment de I'osteoporose et/ou de la faiblesse chez I'homme ou la femme ou chez un autre animal. 

45. Utilisation d'un compose, d'un sel ou d'un precurseur de medicament selon la revendication 1 , en vue de la pre- 
paration d'un m6dicament qui augmente les niveaux d'IGF-1 chez I'homme ou la femme ou chez un autre animal 
deficient en IGF-1. 

46. Utilisation de quantites efficaces du point de vue therapeutique d'un agoniste ou d'un antagoniste d'oestrogene 
et d'un compose, d'un sel ou d'un precurseur de medicament selon la revendication 1 , en vue de la preparation 
d'un medicament destine au traitement de I'osteoporose et/ou de la faiblesse. 

47. Utilisation selon la revendication 46, dans laquelle I'agoniste ou I'antagoniste d'oestrogene est le tamoxifene, le 
droloxifene, le raloxifene ou I'idoxifene. 

48. Utilisation selon la revendication 46, dans laquelle I'agoniste ou I'antagoniste d'oestrogene est 

le cfe-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphtalene-2-ol; 

le (-)-c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-ph6nyl]-5,6,7,8-tetrahydro-naphtalene-2-ol; 

le c/s-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphtalene-2-ol; 

le cfe-1 -[6'-pyrrolodinoethoxy-3'-pyridyl]-2-phenyl-6-hydroxy-1 ,2,3,4-tetrahydro-naphtalene; 

la 1-(4'-pyrrolidinoethoxyph6nyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2,3,4-tetrahydroisoquinoleine; 

le cfe-6-(4-hydroxyphenyl)-5-[4-(2-piperidln-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro-naphtalene-2-ol; ou 

la 1 -(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1 ,2,3,4-tetrahydro-isoquinoleine. 

49. Utilisation d'une quantite efficace du point de vue therapeutique d'un compose, d'un sel ou d'un precurseur de 
medicament selon la revendication 1 , en vue de la preparation d'un medicament destine a I'augmentation de la 
croissance et a I'amelioration de la qualite de la carcasse d'un animal autre que I'homme ou la femme. 

50. Utilisation d'une quantite efficace du point de vue therapeutique d'un compose, d'un sel ou d'un precurseur de 
medicament selon la revendication 1 , en vue de la preparation d'un medicament destine a I'amelioration de I'effi- 
cacite d'alimentation chez un animal autre que I'homme ou la femme. 

51. Utilisation d'une quantite efficace du point de vue therapeutique d'un compose, d'un sel ou d'un precurseur de 
medicament selon la revendication 1 , en vue de la preparation d'un medicament destine a I'augmentation de la 
production laitiere chez un mammifere femelle. 
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52. Utilisation d'une quantity efficace du point de vue therapeutique d'un compost en vue de la preparation d'un 
medicament pour I'augmentation du nombre de porcelets, du taux de grossesse chez les truies, de la viabilite des 
porcelets, du poids de porcelets ou de la taille des fibres musculaires chez les porcelets. 

53. Utilisation d'une quant ite d'un compose, d'un sel ou d'un precurseur de medicament selon la revendication 1 , qui 
est efficace du point de vue therapeutique dans la promotion de I'utilisation de I'hormone de croissance endogene 
en vue de la preparation d'un medicament pour I'augmentation de la masse musculaire chez I'homme ou la femme 
ou chez un autre animal. 

54. Utilisation d'un compose, d'un sel ou d'un precurseur de medicament selon la revendication 1 , qui est efficace du 
point de vue therapeutique dans la promotion de la liberation d'hormone de croissance endogene en vue de la 
preparation d'un medicament pour la promotion de la croissance chez les enfants deficients en hormones de 
croissance. 

55. Utilisation de quantites efficaces du point de vue therapeutique d'un antagoniste fonctlonnel de somatostatine et 
d'un compose ou d'un precurseur de medicament selon la revendication 1 , en vue de la preparation d'un medica- 
ment destine au traitement ou a la prevention de I'insuffisance cardiaque congestive, de I'obesite et de la f aiblesse 
associee au vieillissement chez un homme ou une femme ou chez un autre animal. 

56. Utilisation selon la revendication 55, dans laquelle I'agoniste fonctlonnel de somatostatine est un agoniste alpha- 
2-adrenergique et I'autre animal est un chien, un chat ou un cheval. 

57. Utilisation selon la revendication 56, dans laquelle I'agoniste alpha-2-adrenergique est la clonidine, la xylazine, le 
detomidine ou la medetomidine. 

58. Utilisation d'une quantite efficace du point de vue therapeutique d'un compose, d'un sel ou d'un precurseur de 
medicament selon la revendication 1 , en vue de la preparation d'un medicament pour le traitement de la resistance 
a I'insuline chez un mammifere. 

59. Utilisation selon la revendication 58, dans laquelle le trouble associe a la resistance a I'insuline est le diabete de 
type I, le diabete de type II, I'hyperglycemie, la tolerance perturbee au glucose ou un syndrome resistant a I'insuline. 

60. Utilisation selon la revendication 58, dans laquelle le trouble associe a la resistance a I'insuline est associe a 
I'obesite ou au grand age. 
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